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PREFACE. 



Most practical chemists and manufactarers have long felt the 
-want of uniformity in analytical methods, tables of specific 
^avities, etc. , employed by buyers and sellers for the valuation of 
chemicals, and^by manufacturers for controlling and superintending 
their various processes. Want of uniformity in this respect is 
•constantly leading to disagreements, and prevents exact com- 
parison of results. 

In order to terminate the confusion, Mr. Stroof, manager of 
the Griesheim Alkali Works, suggested to the German Society 
of Alkali Makers that they should have a standard manual pub- 
lished. This suggestion was adopted, a committee of seven of 
owners and managers of high reputation was appointed, and the 
lirst of the undersigned was induced to collect and sift the material 
for such a manual. 

The first condition imposed upon him was to state only one 
method for each analytical operation for the preparation of 
standard solutions and for sampling the materials. Only one 
method was to be chosen, in order that no discrepancies might 
arise, which would certainly happen if two or more methods had 
been introduced. 

In selecting the one standard method, the first and most impor- 
tant consideration was that the method should permit a certain 
indispensable degree of accuracy. No pains were spared to arrive 
at a satisfactory result in this respect. Where there was a choice 
between several equally accurate methods, the one occupying least 
time and requiring least apparatus, or one already widely known 
and employed was preferred. 

The author prepared a draft, which, together with various 
suggestions from others, were fully discussed at the several 
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meetings of the committee. These meetings were held at intervals 
of six and twelve months respectively, in order to give the author 
and his assistants time to carry out experimental researches to 
clear up any douhtful points. Most of these experiments have- 
been described in a report published partially in the Journal of 
the Society of Chemical Industry^ 1882, pp. 12, 55, and 91. Public- 
criticism was then invited, and several important contributions 
were thus obtained. Ultimately, after the complete manuscript 
had been circulated among the members of the committee, it wa» 
agreed to on all points. 

The methods described in this little work are thus acknowledged 
by the united voice of the German Alkali and Ammonia manu- 
facturers as the most suitable, and are not the arbitrary choice of 
the author. Many of the processes, the description of which 
frequently only occupies a few lines, are the result of many a 
month of arduous labour, and of subsequent anxious discussion 
by all concerned. 

The want of standard tables of specific gravities of variou» 
solutions, was felt quite as much as the want of standard analytical 
methods. For some substances such tables had never been con- 
structed, and for very few substances indeed were the data provided 
to reduce the specific gravity of the solution to a normal tem- 
perature. The author and his colleagues have striven to remedy 
this defect by a careful examination of the existing tables, and by 
supplying new ones where required. 

In addition a number of general tables, useful to alkali manu* 
facturers, have been provided. Every care has been taken toi 
ensure the accuracy of these tables, many of them, particularly 
those referring to atomic weights, percentage, composition, and 
analytical factors, having been entirely recalculated. 

The German edition, the small compass of which but little 
betrays the labour expended upon it, was issued with the 
expectation that it would be accepted as a standard work by all 
German Alkali manufacturers, by their customers, and by com- 
mercial analysts. This expectation has already been realized in a 
great measure. It has already become customary to make these 
«"n,lytical methods and specific gravity tables binding in all transac- 
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tions between buyers and sellers, until the progress of science 
necessitates the substitution of more accurate methods and tables 
in future editions. 

From many sides the desire has been expressed that this little 
work should be made accessible to the English public. For this 
purpose the co-operation of the second of the undersigned was 
obtained. To him is due the extensive labour of recalculating all 
the tables for English weights and measures. In making these 
calculations every one of the tables was, as far as possible, recon- 
structed from the original data by graphic interpolation. Errors 
of computation were avoided as much as possible by the use of 
Thomas' Arithmometer and Fuller's Calculator, and the hope is 
expressed that the tables, based on the English weights and mea- 
sures, will be found equally reliable as those based on the metric 
system. The chapters on Deacon's process and on chimney-testing 
are also due to him, and in general he has adapted the work to 
suit the wants of English manufacturers. But in no essential 
particular does this edition deviate from the German, a few 
additions excepted. 

G. LUNGE. 
FERDINAND HURTER. 
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PRELIMINARY NOTICE. 



All temperatures are indicated in degrees centigrade, unless 
the contrary is expressed. 

The atomic weights are stated in round numbers, and these are 
made use of in all calculations contained in this book. This has 
been done because the so-called correct atomic weights are not 
accepted equally by all chemists, and are subject to alteration by new 
researches, whilst there is practically no disagreement concerning 
the rounded-off atomic weights of the more important elements, 
und these are, at any rate, sufficiently near the truth for all 
technical purposes. An exception has been made for platinum, 
for which the figure adopted by all German potash manufacturers 
and analytical chemists has been retained. 

The abbreviations for metric weights and measures employed in 
this book (identical with those officially introduced in Germany) 
are: — 



1 gram = 

1 aeci|:ram = 

1 centigram = 

1 milligram = 

1 kilogram = 

1 ton = 

1 meter = 

1 decimeter = 

1 centimeter = 

1 millimeter = 

1 kilometer = 
1 square meter = 



iSg 




1 eg 




1 nag 




1kg 




1 t 




1 m 




1 dm 




1 cm 




1 mm 




1 km 




1 qm 





square centimeter = 1 qcm 

cubic meter = 1 cbm 

cubic centimeter = 1 ccm 

liter (1000 ccm) = 1 1 

deciliter (01 1) = 1 dl 

hectoUter(lOOl) = 1 hi 

are (100 gm) = 1 a 

hectare (100 a) = 1 ha 

meterkilogram = 1 mkg 
horsepower (75 mkg)= 1 e 

atmosphere = 1 at 

calorie = 1 c 



3 



TABLE I.— ATOMIC WEIGHTS, EQUIVALENT WEIGHTS, 
AND VALENCY OF ELEMENTS. 





Symbol and Valency. 


Atomic Weight. 


Equivalent Weight 


Aluminium 


AP' 


27'5 


13*75 


Antimony 

Arsenic 


Sb"*^ 

As*" ^ 


122 


122 


75 


75 


Barium 


Ba" 


137 


68*5 


Beryllium 

Bismuth. 


Be" 


9*4 


4*7 


Bi"\ ^ 


208 


208 


Boron 


Bo"' 


11 


11 


Bromine 


Br* ^" 


80 


80 


Cadmium 


Cd" 


112 


56 


Oaeslum 


Cs* 


133 


133 


Calcium 


Ca" 


40 


20 


Carbon 


C*\" 


12 


6 


Cerium 


Ce»^ 


137 


68*5 


Chlorine 


CP ^" 


35-5 


35-5 


Chromium 


Qj.Il IV VI 


52*5 


26*25 


Cobalt 


Co" ^ 


59 


29*5 


Conner 


Cu" 


63*5 


31*75 


Didymium 

Erbium 


I)i»^ 


lU 


72 


Er"» 


170-6 


853 


Fluorine 


F' 


19 


19 


Oold 


Au"' 


197 


197 


Hydrogen 

Indium 


H* 

In"» 


1 


1 


113 


56*5 


Iodine 


Jl VII 


127 


127 


Iridium... .\.. 


Ir*^ ^' 


193 


96*5 


Iron 


PqII IV vx 


56 


28 


Lanthanum 


La*^ 


139 


69*5 


Lead 


Pb"*^ 


207 


103*5 


Lithium 


Li» 


7 


7 


Magnesium 

Manganium 


Mg" 


24 


12 


Mn"^" 


55 


27*5 


Mercury 


Hg" 


200 


100 


Molybdenum 

Nickel 


Mo^' 


96 


48 


Ni" 


59 


29*5 


Niobium 


Nb^ 


94 


47 


Nitrogen 


N"*^ 


14 


14 


Osmium 


08*^^' 


199 


99*5 


Oxygen 


0" 


16 


8 


Palladium 


p^II IV VI 


106 


53 


Phosphorus 


pill V 


31 


31 


Platinum 


pj^II IV VI 


19718 


98*59 


Pot€Lssium 


K' 


39 


39 


Rhodium 


Rh"»^^* 


104 


52 


Rubidium 


Rb' 


85 


85 


Ruthenium 


Ru'^ ^"» 


104 


52 


•Selenium 


Se"*^ ^* 


79 


39*5 


Silver 


Ag" .." 


108 


108 


■Silicium 


Si^ 


28 


14 


Sodium 


Na' 


23 


23 


Strontium 


Sr" 


87*5 


43*75 


vSulphur 


gll IV VI 


32 


16 


Tantalium 


Ta^ 


182 


182 


Tellurium 


fpgll IV VI 


125 


62*5 


Thallium 


Tl*"» 


204 


204 


Thorium 


Th'^ 


2315 


231*5 


Tin 


Sn»^ 

Ti»^ 


118 


59 


Titanium 


48 


24 


Uranium 


Ur^» 

V^ 


240 


240 


Vanadium 


51 


25*5 


Wolframium 


W^' 


184 


92 


Yttrium 


88 


44 


Zinc 


Zn" 

Zr»^ 


65 


32*5 


Zirconium 


90 


45*0 
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TABLE 2.-SYMBOLS, MOLECULAR AND EQUIVALENT 

COMPOUNDS, IMPORTANT 



No. 



1 

2 

3 

4 

5 



6 



8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 

47 
48 
49 



COMPOUNDS. 



Aluminium oxide 

hydrate 

chloride 

sulphate 

sulphate, cryst. 



Ammonia. 



alum. 



{ 



Ammonium carbonate 

chloride 

magnesium arsenate 

magnesium phosphate, cryst. 

idtrate 

phosphate 

sodium phosphate 

platinum chloride 

sulphate 

sulphocyanate 



Molecular Formula.* 



A1..0, 

Al2(H0)« 

A.l,C\ 

AMSO4)., 

AlaiSOJa+lSaq 



NH,, 

Al(NH4)(S04)2+12aq .. 
H(NH4)C0.,+(NHJC0j 



Arsenic oxide 

Arsenious oxide 

trisulphide 



Barium monoxide ... 

hydrate 

hydrate, cryst. 
carbonate . . . 

chloride 

sulphate 



Calcium monoxide 

hydrate 

carbonate 

chloride 

chloride, cryst 

chlorate 

hypochlorite 

phosphate, monobasic . . . 

phosphate, dibasic 

phosphate, tribasic 

sulphate, anhydrous 

sulphate, cryst. (gypsum) 

sulphite 

thiosulphate , 

sulphide 

pentasulphide 



Carbonic acid 

oxide 

Carburetted hydrogen methan 

aethan 



Copper chloride 

oxide 

sulphide 



NH.Cl 

Mg(NH4)As04+Jaq. 
Mg(NH4)P044-6aq . 

NH4NO, 

(NH4)oriP04 

(NH4)NaHP04+4aq 

(NH4)2PtCl« 

(NH4)2S04 

NH4CNS 



I 



Molcr. 
wei^rht. 



AS2O5 
ASgO., 
AS2O3 

BaO 



103 
157 
268 
313 
667 

17 
453-5 

157 

53-5 
190 
245 

80 
132 
209 
446-18 
132 

76 

230 
198 
246 

153 



Ba(H0)2 1 171 

Ba(HO)2+8aq '^" 

BaCO., 

BaCl.^+2aq 

BaS04 



CaO 

Ca(H0)2 
CaCOa 



CaCla 

CaCl2+6aq 
CaCCfOJa .. 
CaiOCl), .. 
CaHJP04)2 
CaHPO. .. 

Ca3(P04)2 •• 

CaSO* 

CaS04+2aq 

CaSO, 

CaSaO., .... 

CaS 

CaSs 



CO2. 
CO . 

CH4. 
C2H4 



CuCls 
CuO.. 
CuS.. 



315 
197 
244 
233 

56 

74 
100 
111 
219 
207 
143 
234 
136 
310 
136 
172 
120 
152 

72 
200 

44 

28 
16 

28 

134-5 
79-5 
95-5 



* Modern notation and atomic weights. 



WEIGHTS, AND PERCENTAQE COMPOSITION OF CHEMICAL 
TO THE ALKALI INDUSTRY. 



Bii^Talent FormuU-f 



Al,0, 

A1,0,3H0 

AI,C1, 

A1,0,SS0, 

Al,0,3SOj+18HO 

NH, 

A1,0,3SO,+NH,IISOjI 

+aHO. . J 

3NH,4CO,+2HO 

NH,C1 

2HgONH.OAsO,+HO.. 
8MKONH.OPO.+12Ha. 

Nlf-ONO, 

2NH,OHOPO. 

NH,ONaOHOPOj+8HO 

KH.ClPcCl, 

NH.OSO* 

NH.CjNS, 

AsO. 

AbO, 

AsS, 

BaO 

BaOHO 

BoOftUO 

BaOCO, 

BftCl+i!HO 

BaOSO, 

CaO 

CoOHO 

CaOCO, 

CaCI 

CaCI-HBHO 

CaOClO, 

CaOClO 

Ca02HOPO, 

SCaOHOPO, 

SCaOPO 

CaOSO, 

CaOSOj+2HO .... 

CftOSOj 

Caoa,o, 

CaS 

CaS 

CO, 

CO 

C,H, 

C,H, 

CuCl 



P«c*ntaca CompoalttOD. 



Al.U, WDl. n,<JJH JH 

A120S2, CI 79-48 

A1,0, SOW. SO, 89-97 

A1,0, 15-44, SO, 3S'88. H,0 48-58 



5, NH, 3-7S, SO, 3J-!9. H,0 49-61 



NS, 32-49, CO, Se-OS, H,0 IVU 
NH,3I 



Ab 85-22. OW78 
As 75-76, O 2+-21 
Ab aO-gS. 8 39-02 

Ba 89'al. O IQ-IS 
BaO 89-47, HjO 10-63 
BaO 48-60. H,OS1'40 
BaO 77-60. CO, 22-40 
BaCl,8S-24, H,01476 



CaO 36-00. CO, 4400 

Ca 3603. CI 63-95 

CaCl. 50-69. HjO 49-31 

CaOn-05, CI.O. 72-85 

CaO 39-16. CI 49«5, O 11-19 

CaO 23-93, P.O. 60-68, H,0 16-38 

CaO 41-18. P,Oj 52-20. H,0 6-62 

CaO 54-19, P,0, 45-81 

CaO II'IS, SO, 58-82 

CaO 32-56. 80, 46-Sl, H,0 20-93 

CaO 46-67, SO, 63-33 

CaO 36-34, SO, 42'lt, S 21-05 

Ca 55-59, 8 44-44 

Ca 9)00. S 80 00 

C 27-27, O 72-73 



f Old ni 
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SYMBOLS, MOLECULAR AND EQUIVALENT WEIGHTS. AND PER 



No. 



COBfPOUNDS. 



50 Copper cupreous sulphide 

51 Bulpnate 



52 
53 
51 

55 
56 
57 
58 
59 
60 
61 
62 

63 
61 
65 
66 
67 
68 

69 
70 
71 
72 
73 
74 
75 

76 
77 
78 
79, 

80 ; 

81 i 

82 

83 

81 
85 
86 I 

87 

88 
89 
90 
91 

92 

93 

91 

95 

96 

97 

98 

99 
100 
101 
102 



Hydrochloric acid 
anl 
aci 



Hypochlorous anhydride 

"d 



Iron, oxide, ferric 

ferric hydrate 

ferrous chloride 

cry St. 

ferric chloride 

Iron, ferrous sulphide 

bisulphide (pyrites). . . 

protosulphate 



Lead monoxide (litharge) 

carbonate 

chloride 

sulphate -. . 

sulphide 

red oxide 



Molecular Fonnulft. 



Magnesium oxide 

hydrate , 

cnloride 

cryst. . . 

carbonate 

sulphate 

pyrophosphate . . 

Manganous oxide 

Manganous manganic oxide 

Manganic oxide 

Manganese dioxide 



Manganous chloride 

sulphate 

Nitrosulphonic acid, nitrososulphuric \ 
acid, chamber crystals.. ) 

Nitrous oxide 

Nitric oxide 

Nitrous anhydride 

Nitric dioxide, tetroxide 

Nitric acid 

Phosphoric anhydride 

acid, ordinary 

acid, pyro 

acid, meta 

Platinum chloride 



CujS 

CuS045aq 



HCl.. 
C1,0.. 
HCIO 



Fe,0. .... 
Fe(OH)« . . 
Feci, .... 
FeCljlaq 
FCaCle .. 

FeS 

FeS, .... 
FeS047aq 



PbO... 

PbCO., 

PbCk . 

PbS04 

PbS... 

PbaO*. 



MgO 

Mg(H0), ... 

MgCla 

MgClj+6aq . 

MgCd, 

MgS04+7aq 
Mg,P,0, ... 

MnO 

Mn»04 

MuoOs 

MnO, 

MnCU 

MnS04 



Molcr. 

weight. 



S02(0H)(0N0) 

N,0 

NO 

N,0 



nWn^o:] 

HNO., 



PtCl4 .. 



Potassium oxide 

hydrate 

bichromate 

carbonate 

bicarbonate 

chlorate 

chloride 

ferricyanide, red prussiate 

ferrocyanide, yellow prussiate. 
iodide 



KoO 

KOH 

KjCrjOr 

Kkcds ".'.!".!!! 

KCIO., 

KCl 

K«Fe' (NC). ; ' : 

K4Fe(NC),aaq 



159 
249*5 

36-5 

87 

52*5 

160 
214 
127 
199 
325 
88 
120 
27ft 

223 
267 
278 
30$ 
23» 
685 

40 

58 

95 
203 

81 
24& 
222 

71 
229 
15S 

87 
126 
151 

127 

44 
30 
7(> 
46 
63. 

142 

98 

178 

80 

339'IS 

94 

56 
295 
13g 
100 
122-5 

74-6 
658 
422 
166 



CENTAGE COMPOSITION OF CHEMICAL COMPOUNDS— Con^iwucd. 




50 
51 

52 
53 
54 

55 
56 
67 
58 
59 
60 
61 
62 

63 
64 
65 
66 
67 
68 

69 
70 
71 
72 
73 
74 
75 

76 
77 
78 
79 
80 
81 

82 

83 

84 
85 
86 
87 

88 
89 
90 
91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 



CuoS 

CuOSO.,5HO.. 

HCl 

CIO 

ClOHO 

FCjOs 

Fe,0.,3H0 .... 

FeCUHO '.'.".!'.'. 

FejQJ., 

FeS 

FeS, 

FeOSO,7HO .. 

PbO 

PbOCO, 

PbCl 

PbOSOa 

PbS 

Pb,04 

MgO 

MsrOHO 

MgCl 

MgCl4-6HO .. 

MgOCOa 

MifOSO,+7HO 
2MgOPO« .... 

MnO 

MnaO* 

Mn,0., 

MnOa 

MnCi 

MnOSO., 

2S0.,H0N0a... 

NO 

NO, 

NO., 

NO4 

NO5HO 

PO5 

POsSHO 

P062HO 

PO,HO 

PtCl, 

KO 

KOHO 

K02CrO, 

KOCOj 

KOHOCO2.... 

KOCIO5 

KCl 

3KCyFe,Cy, .. 
2KCyFeCy3HO 
KJ 



79*5 
124-75 

.36-5 
43-5 
52*5 

80 
107 

63-5 

99*5 
162*5 

44 

60 
139 

111-5 

133-5 

139 

151-5 

118-5 

342-5 

20 

29 

47-5 
101-5 

42 
123 
111 

35-5 
114-5 
79 
43-5 
63 
7$-5 

127 

22 
30 
38 
46 
63 

71 
98 
89 
80 

169-59 

47 

56 
147-5 

69 
100 
122-5 

74-5 
329 
211 
166 



Percentage Oomposition. 



Cu 79-87. S 20-13 

CuO 31-86, SO., 32-06, H,0 36-03 

CI 97-26, H 2.74 
CI 81-61, O 18-39 
0167-62,0 30-48. H 1-90 

Fe 70-0. O 30-0 

FeaC, 74-77, H,0 25-23 

Fe 44-09, CI 55-91 

FeCla 63-82, H^O 36-18 

Fe 34-46. CI 65-54 

Fe 63'64, S 36-36 

Fe 46-67, S 5333 

Fe 20-14, O 5-76, SO., 28-78, H2O 45*3^ 

Pb 92-38, O 7-17 
PbO 83-52. CO2 16-48 
Pb 74-46, CI 25-54 
PbO 73-60, SO., 26-40 
Pb 86-61, S 13-39 
Pb 90-65, O 9-35 

Mg 60-00. O 4000 

MgO 68-96, HsO 31*04 

Mg 25-26, CI 74-74 

MgCL 46-80, H,0 53*2 

MgO 47-62, CO2 52-38 

MgO 16-26, SO, 32*52, HjO 53 22 

MgO 3604, P2O5 63*96 

Mn 77-47, O 22*53 
Mn 72*05, O 27*95 
Mn 69-62, O 3038 
Mn 63-22, O 3678 
Mn 43-65, CI 56-35 
MnO 47-02, SO., 52-98 

SO., 62-99, N2O., 29-92, HoO 709 

N 63-64, O 36-36 
N 46-67, O 53-33 
N 36-84, O 63-16 
N 30-44, O 69-56 
NjOfl 85-71, H2O 14-29 

P 43-66, O 56-34 
P2O5 72-16, H,0 27-55 
P2O5 79-77. H;0 -20-23 
PaOs 88-75, H2O 11-25 

Pt 58*13, CI 41-7 

K 82-98. O 1702 

K2O 83-93, H2O 16-07 

K2O 31-86, CrOs 68-14 

K2O 68-12, CO2 31*88 

K2O 47-00, COo 44-00, H.,0 9*00 

K,0 38-37, CI 28-08, O 32-65 

K 52-35, CI 47-6) 

K 35-56, Fe 1702. CN 4742 

K 37*03, Fe 13*25, CN 36*93, H^O 1279 

K 23*49, J 76*51 



8 
SYMBOLS. MOLECULAR AND EQUIVALENT WEIGHTS, AND PER 



No. 



103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

114 

115 

116 

117 
118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 

143 
144 
145 
146 
147 
148 
149 
150 
151 

152 

153 

154 
155 
156 
157 
158 



COMPOUNDS. 



Molecular Formula. 



Potassium nitrate 

permanganate 

phosphate 

platinTim chloride 

silicate 

sulphate 

bi8ul()hate 

sulphide 

sulphite 

bisulphite 

sulphocyanate 

Potash, alum 

Selenious anhydride 

Silicic acid, anhydride 

Silver chloride 

nitrate 

sulphide 

Sodium oxide 

hydrate 

cnloride 

aluminate 

borate 

carbonate, anhydrous 

carbonate, raonohydrated 

carbonate, decahydrated, cryst... 

bicarbonate 

chlorate 

hypochlorite 

nitrate 

phosphate 

silicate 

sulphate 

cryst 

bisu]i)hate 

sulphite 

bisulphite 

tibiosulphate, hyposulphite 

sulphide 

pentasulphide 

nydrogen sulphide 

Sulphurous anhydride 

Sulphuric anhydride 

Sulphuric acid, monohydrate 

pyro 

Thiosulphuric acid, hyposulphurous acid. 

Tritiiionic acid 

Tetrathionic acid 

Pentathionic acid 

Sulphuretted hydrogen 

Stannous chloride ; 

Water 

Zinc oxide 

chloride 

sulphate 

cryst. 

sulphide 



KNO.,... 
KMnOx . 
K2HPO4 
K,PtCle. 
K.,SiO., . 
K,S04... 
KfiSO* . 
K2S 



Molcr. 
weight. 



K2S0,2aq 
KHS6, .. 



KCNS 

KAl(S04)2l2aq 

SeO, 

SiOj 

AgCl 

AgNOa 

Ag,S 



Na,0 

NaHO 

NaOl 

NagAleOe 

NajB.OilOaq .. 

NajCOs 

NagCO,, aq 

NaoCOslOaq . . 

NaHCOs 

NaClOa 

NaOCl 

NaNO, 

NajHPO* 12aq 

NajSiOs : 

NajSO* 

Na.SO.lOaq.... 

NaHSO* 

Na-SOseaq.... 

NaHSOa 

NajSgOa 5aq . . 

Na^S 

Na^Ss 

NaSH 

SOa 

SO, 

H.SO. 

H2S2O7 

lijSjO.-} 

H,S.,0« 

H,S40« 

HsSsOe 

H,S 

SnCls2aq 

H,0 

ZnO 

ZnCl, 

ZnSO* 

ZnS047aq 

ZnS 



101 
158 
174 

488*18 
151 
174 
136 
110 
194 
120 
97 

474-5 

111 

eo 

143-5 

170 

248 

62 

40 

58-5 

289 

382 

106 

124 

286 

84 
lOG-5 

74-5 

85 
358 
122 
142 
322 
12U 
234 
104 
248 

78 
206 

56 

64 

80 

98 
178 
114 
194 
226 
258 

34 

225 
18 

81 
136 
161 
287 

97 



CBNTAGE COMPOSITION OF CHEMICAL COMPOUNDS— CtonWniied. 



EONO, ... 
KOMn,0, . 
SKOHOPO. 
KClPtCl, . 
KOSIO- - 
KOSO, 
KOHO 

ES 

E080,2HO 

KOHtSSO 

KC,N8, 

(K0S0, + A1,0,3S0, 
1 +a4H0,, 

SeO, 

SiO, 

AgCl_. 

AgS ..'.V.'.\'.'.\'.'.'.\'.'.'. 

NaO 

NftOHO 

NaCI 

SNaOAl.O, 

N'aOiKO,-t-tOHO 

NaOCO, 

NaOCO, + HO 

NaOrO, + 10HO 

NaOHCBCO. 

NaOClO 

NaOCIO 

NaOXO, 

iNsOHOPO<+»HO . . 

NoOSlO. 

Na030, 

NbO80,+1DII0 

NaOHOSSO. 

NaOSO,+6HO 

NaOHCBSO,. 

Na09,0,+«10 

NaS 

NaS, 

NaSHS 

80 

SO, 

HOSO, 

HOiSO, 

HOS.O 

HOSjO, 

Hoa,o. 

H0S.0 

H8 

BnCI+2HO 

HO 

ZnO 

ZnCt 

ZaOSO, 

2nOaOj+7HO 



I,0 *6-5t, N.O 



i3-16 



S Pt 10-39. CI ii-^. K 15-88 (KCl 30-S2 
' K.Oei-Ot, SiO,3«-9e 
! K,O5i-02. SO, 15-98 
K.0 3(S«,S0., 58-83, H,0 8-62 

K^-91. s ai-tw 

K.0 18-15. SO, 33-00, H,0 18-55 

K,0 33'IT, 80, 53-33. H,0 T'SO 

K 40-21, -C 12-37, N 11 13, S 32-99 
. K,0 B-91, A1.0, 10-81, 80, 33-73, H,0 

Se 71-17, 28-83 
I SI 16-67, O 53-33 

Ak 75-20, CI 21-74 
I Ag 6,1-5.1, NO, 3B-17 
i Ag 87-09. S i:f-91 
] Na 71-19, 25-81 

N«,O77-50,H,O 22-50 

Na 39-32 CI 60'iB 

-- 61-38. A 

16-23. B ) 17-12 

Na,0 58-19,0 

Na.OM-OO, C 11-52 

Nu,0 21-08, C 62-93 

Na,0 36-00, C lO'Tl 

Na.O 29-10, C 

Na.O 41-61, C 

Na,0 36-47, N 

Na,0 17-32, P )fl2-8! 

Na,0 50-82. 8 



Na,0 26-50, Si 
"- " ""-"I, S 

o.s ,..._ 

_ S 11-03, oorreBpondlng . . 

Na,S3I'8e, 8,62-14 [Ni 

Na,9 69-65. U,S 30-35 

S 50-00, 50-00 

S 1000, O 60-00 

?0, 81-63. H,0 18-37 

H,SO, 5506. SO, 14-91 

SO, 56'14, 8 28-OT, H,0 15-79 

SO, 41-24. SO. 32-99, S 1619, H,0 9-28 

SO,, 35-39, SO, 28-32, S 28 32, H,0 7-97 

SO, 31-01, SO, 24-81, 8 37-20, H,0 698 

S ri-12, U 5-SS 

Sd 52-44, CI 31-56, H,0 16-00 

H 1111. 88-89 

Zn 80-25. O 19-78 



18-5 ' Zn 67-01, S32-il9 
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TABLE 3.— FACTORS FOR CALCULATING 



Substance Weighed. 



Anunoiiliixii. 

Ammonium Chloride, NH4CI 

Ammonium platinum chloride, j 
(NHJ,PtCl. I 



Arsenic. 

Arsenic trisulphide, ASjS: 



I 



Ammonium magnesium arsenate, 
Mg(NH4)A804+iaq 

Barium. 

Barium sulphate, BaSO^ 

Barium carbonate, BaCO., 

Barium silico fluoride, BaSLF« . . . 

Calcium. 

Calcium sulphate. CaSOi 



Substance to be determined. 



Ammonia, NH., 

Ammonium oxide, (NH4)20 

Ammonia, NH3 

Nitrogen, N 



Arsenic, As 

Arsenic trioxide, As.On . 
Arsenic anhydride, AsjOs 

Arsenic, As , 

Arsenic trioxide, AsjO.., . 
Arsenic anhydride, Aa^O^ 



) » ( BaO 

> Barium oxide, ^ BaO 
) I BaO 



uaicium suipnate. uasu* . . 
Calcium carbonate, CaCOs 



Carbon. 



Carbonic anhydride, CO*.. 
Calcium carbonate, CaCO., 
Barium carbonate, BaCO.-, 



Chlorine. 

Silver chloride, AgCl 



Copper. 

Copper oxide, CuO 

Cupreous sulphide, CujS 



]-Calcium oxide, j ^jg; ;;;;•; 



Carbon, C 

} Carbonic anhydride, j Sq- 



Chlorine. CI 

Hydrochloric acid, HCl . 
Chloric anhydride. CI2O5 
Sodium chloride, NaCl . . . 



{ 



Iron. 

Ferric oxide, FcjO., ■[ 

Lead. 

Lead monoxide, PbO 

Lead sulphate, PbS04 I 



Lead sulphide, PbS 
Lead, Pb 



) 



Copper, Cu 

Copper, Cu 

Cupric oxide, CuO 



Iron, Fe 

Ferrous oxide, FeO 



Lead, Pb 

Lead, Pb 

Lead oxide, PbO 

Lead, Pb 

Lead oxide, PbO 
Lead oxide, PbO 
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GRAVIMETRIC ANALYSES. 



1 


2 


3 


0*31776 
011654 
0*07620 
0*06276 


0-63552 
0-23308 
015240 
012552 


0-95328 
034962 
0-22860 
0*18828 


0-60975 
0*8M88 
0*93496 
0-39473 
0*52105 
0*60526 


1*21950 
1-60976 
1*86992 
0*78946 
1-04210 
1*21052 


1*82925 
2*41464 
2*80488 
118419 
1*56315 
1*81578 


0-65665 
0-77655 
0*54839 


1*31330 
1-55310 
1-09678 


1*96995 
2*32965 
1-64517 


0*41176 
0*56000 


0*82352 
1*12000 


1-23528 
1*68000 


0-27273 
0*44000 
0-22335 


0-54546 
0-88000 
0*44670 


0*81819 
1*32000 
0*67005 


0-24739 
0*25435 
0*52613 
0-40767 


0*49478 
0-60870 
1-05226 
0*81534 


0*74217 
0-76306 
1*67839 
1-22301 


0-79874 
079874 
1*00000 


1*50748 
1*50748 
2*00000 


2*39622 
2-39622 
3-00000 


0*70000 
0*90000 


1*40000 
1*80000 


2*10000 
2*70000 


0*92825 
0*68317 
0*73597 
0-86611 
0-93305 
1*07730 


1*85630 
1*36634 
1*47194 
1*73222 
1*86610 
2*15460 


2*78475 
2*04951 
2-20791 
2*59833 
2-79915 
3-23190 



1*27104 
0*46616 
0*30480 
0*25104 



2*43900 
3-21552 
3-73984 
1*57892 
2-08420 
2*42104 



2*62660 
3*10620 
2*19366 



1*64704 
2*24000 



1*09092 
1*760(10 
0*89340 



0*98966 
101740 
2*10462 
1*63068 



3*19496 
3*19496 
4-00000 



2*80000 
3*60000 



3*71300 
2-73268 
2*94388 
3*46444 
3-73220 
4*30920 



6 



1*68880 
0*58270 
0-38100 
0*31380 



204875 
402440 
4*67480 
1*97365 
2-60525 
3*02630 



3*28325 
3*88275 
2*74195 



2*05880 
2*80000 



1*36365 
2-20000 
1*11675 



1*23695 
1*27175 
2-63065 
203835 



3*99370 
3-99370 
5*00000 



3*60000 
4*50000 



4*64125 
341685 
3*67985 
4*33055 
4*66525 
5*38650 



1*90656 
0*69924 
0*45720 
0*37656 



3-66850 
4*82928 
5-60976 
2*36838 
3-12630 
3-63156 



3*93990 
4-66930 
3-29034 



2*47056 
3*36000 



1*63638 
2-64000 
1*34010 



1*48434 
1-52610 
3*15678 
2*41602 



4*79244 
4*79244 
6*00000 



4*20000 
5*40000 



5*56950 
4-09902 
4-41582 
519666 
5*59830 
6*46380 



8 



9 



2*22432 • 2*54208 

0*81578 0*93*232 

0*53340 0-609ti0 

0-43932 0*60208 



3*268251 
5*63416 I 
6-6447-2 i 
2-76311 1 
3*64735 
4*23682 



4*59655 
543685 
3*83873 



4*87800 
6-43904 
7-47968 
3*15784 
4*16840 
4-842U8 



5*25320 
6-21240 
4-38712 



2*88232 3-29408 
3-92000 4*48000 



1*90911 , 2-18184 
308000 3-52000 
1*66345 I 1-78680 



1*73173 I 1-97912 
1*78045 203480 
3*68291 4*20904 



2*86369 



5*59118 
5*69118 
7*00000 



4*90000 
6*30000 



6*49775 
4-78219 
5*16179 
606277 
6-63135 
7*54110 



3*26136 



6*38992 
6*38992 
8*00000 



5*60000 
7*20000 



7*42600 
5-46536 
5*88776 
6-92888 
7*46440 
8-61840 



2*85984 
1*04886 
0*68680 
056484 



5*48775 
7*24392 
8*41464 
3-55257 
4*68945 
5*44734 



5*90985 
6*98895 
4*93551 



3*70584 
504000 



2*45457 
3*96000 
201015 



2*22651 
2*28915 
4-73517 
3*66903 



7*18866 
7*18860 

9-ooooa 



6*30000 
8*10000 



8*35425 
614863 
6-62373 
7*79499 
8-39745 
9*69570 
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FACTORS FOR CALCULATING 



Substance Weighed. 



Substance to be determined. 



HydrogeiL 
Water, Hj,0 



Hydrogen, H 



magnesium. 



Magnesium sulphate. MgSO* Magnesia, MgO 

Magnesium pyrophosphate, * * 

MgaPjO, Macmesia. Mo-n 



KTanganese. 

Mangano-manganic oxide, MngO^.. 



Magnesia, MgO. 



Manganese sulphide, MnS. . . 

Nitrogen. 

Ammonium platino chloride, 

—.'Nfli's-PtClg 

Platinum. Ft 



i 



Manganese, Mn 

Manganese, Mn 

Manganous oxide, MnO 



Nitrogen, N. 
Nitrogen, N. 



Fhospliorus. I 

Magnesium pyrophosphate, MgaPaO,' { PhSsphSms^P^^^^®' ^*^' 



FotasBlum. 



Potassium sulphate, K-SO* ' Potassium oxide, K3O .. 

Potassium chloride, KCl I Potassium oxide, KjO . . 

Potassiumplatinochloride.K,PtCle..!{?2t^«|SSSM^ 



Sodium. 



Sodium sulphate. Na-SO*. 
Sodium carbonate, Na-CO 
Sodium chloride, NaCl 



2VyV/3, 



ilulpliur. 

Barium sulphate, BaS04 



Zino. 

Zinc oxide, ZnO... 
Zinc sulphide, ZnS 



Sodium oxide, Na^O 
Sodium oxide, NajO 
Sodium oxide, NajO 



Sulphur, S 

Sulphuric anhydride, SO, . 
, Sulphurous anhydride, SOx 
Sodium sulphate, NaxSO^ . 



{ 



Zinc, Zn 

Zinc, Zn 

Zinc oxide, ZnO 
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GRAVIMETRIC ANALYSES— continwd. 



O-lllll 

0*33333 
0*36036 



072052 
0*63218 
0*81609 



0*06276 
0-14200 



0*63964 
0*27928 



0*54023 
0*63087 
0*19255 
0*30521 



0*43662 
0*58491 
0*52991 



013734 
0*34335 
0*27467 
0-60944 



0*80295 
0*67078 
0*83539 



2 



0-22222 

0-66666 
0*72072 



1-44104 
1*26436 
1-63218 



0*12552 
0-28400 



1*27928 
0-55856 



1*08046 
1-26174 
0-38510 
0-61042 



0*87324 
116982 
1*05982 



0*27468 
0*68670 
0*54934 
1*21888 



1*60590 
1-34156 
1-67078 



3 



0*33333 

1*00000 
1*08108 



2*16156 
1*89654 
2-44827 



0-18828 
0*42600 



1*91892 
0*83784 



1*62069 
1-89261 
0-57765 
0-91563 



1*30986 
1-76473 
1*58973 



0*41202 
1*03005 
0-82401 
1*82832 



2-40885 
2*01234 
2-50617 



0-44444 

1*33333 
1*44144 



2-88208 
2*52872 
326436 



0*25104 
0-56800 



2*55856 
1*11712 



2*16092 
2-52348 
0-77020 
1*22084 



1*74648 
2-33961 
211964 



0*54936 
1*37340 
1*09868 
2*43776 



3*21180 
2*68312 
3*34156 



6 



0-55555 

1*66666 
1*80180 



3-60260 
3*16090 
4*08045 



0-31380 
0-71000 



319820 
1-39640 



2-70115 
315435 
0*96275 
1*52605 



2*18310 
2-92455 
2-64955 



0*68670 
1*71675 
1*37335 
3-M720 



4*01475 
3-35390 
4*17695 



0*66666 

2*00000 
2*16216 



4*32312 
3*79308 
4*89654 



0*37656 
0*85200 



3*83784 
167568 



3*24138 
3*78522 
1*15530 
1*83126 



2-61972 
3-50946 
3*17946 



0-82404 
2*06010 
1*64802 
3*65664 



4*81770 
4*02468 
501234 



8 



I 
0*777n I 0-88888 



2*33333 
2*52252 



2*66666 
2*88288 



5*04364 ; 5'76tl6 
4*42526 505744 
5*71263 6*52872 



0*43932 ' 50208 
0*99400 1-13600 



4*47748 
1*95496 



3*78161 
4*41609 
1-34785 
2*13647 



3-05634 
4-09437 
3-70937 



0*96138 
2*40345 
1-92269 
4*26606 



5*62065 
4-69546 
584773 



9 



5*11712 
2*23124 



4*32184 
504696 
1*54010 
2*44108 



3*49296 
4-67928 
4*23928 



1-09872 
2*74680 
2*19736 
4*87552 



6*42360 
5*36624 
6-68312 



1*00000- 

3*00000' 
3*24324 



6-48468 
5*68962^ 
7*34481 



0*56481 
1-278U0' 



5-75676 
2-51352 



4-86207 
5-67783. 
1*73295 
2*74689- 



3-92958 
5-26419 
4*76919 



1*23606 
3-09015 
2*47203 
5*48496 



7*22655 
603702 
7*51851 
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TABLE 4.— SOLUBILITY OF DIFFERENT SALTS. 

Hemark.— The solubility is given in parts of the anhydrous salt dissolved 

by lUO parts of water. 



100 Water Dissolve. 



Alum, ammonia 

potash 

Aluminium sulphate 

Ammonium oxalate 

nitrate 

sulphate 

Barium chloride 

hydrate 

nitrate 

Boric acid 

Bromine 

•Calcium carbonate 

chloride 

hydrate 

nitrate 

sulphate 

•Copper acetate 

nitrate 

sulphate 

Iron protosulphate 

Lead acetate 

chloride 

nitrate 

sulphate 

Magnesium oxide 

carbonate 

chloride 

^lan^anous chloride 

Oxalic acid 

Potassium hydrate 

chromate (neutral) 

bichromate 

oxalate (acid) 

sulphite 

hyposulphite 

bitartrate 

tartrate (neutral) . 

cyanide 

ferrocyanide 

f erricyanide 

iodide 

Sodium acetate (borax) 

borate 

hydrate 

hyposulphite 

phosphate 

sulphite 

Strontium hydrate 

nitrate 

chloride 

Tartaric acid 

Tin (stannous) chloride 

Zinc chloride 

Zinc sulphate 



Cold. 



Boiling. 



9 


422 


9-5 


357 


33 


89 


4-5 


40-8 


199 


• « 


66 


100 


35 


60 


5 


10 


8 


35 


2 


21 


3 


• • 


00036 


• • 


400 


* • 


0128 


0079 


400 


• • 


0-23 


0-21 


7 


19-8 


127 




21 


75 


20 


178 


46 


71 


3 


5 


48 


139 


•008 


• • 


•002 


•002 


•02 


• • 


200 


400 


62 


123 


11-5 


100 


200 


• • 


48 


• • 


10 


102 


2-5 


10 


100 


■ • 


hygroscopic 


• • 


0-4 


10-5 


133 


296 


122 


• • 


28 


91 


40 


82 


141 


221 


35 


150 


4 


55 


61 




50 


more than 20O 


12 


• • 


25 


100 


1*6 


34-8 


20 


113 


53 


102 


76 


200 


270 


• • 


300 


• « 


50 


95 
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TABLE 5.— SOLUBILITY OF CERTAIN SALTS 
AT DIFFERENT TEMPERATURES. 



Ammonium Cartoonate. 

iro parts water dissolve (Berzelius) at 

ir 25 parts 
17 30 
32 37 
41 40 
49 50 

Ammonium Chloride. 

100 parts water dissolve at 

15' 35*68 parts NH4CI (Gerlach). 
19 36-8 (Schilf). 

100 100 



Calcium Cbloride. 

1 part anhydrous CaCIj dissolves 
(Kremers) at 

10*2° in 1*58 parts water 
20 1*35 

40 0-83 

60 0-72 

1 part CaClj, 6aq.. dissolves at 

10° in 0*5 parts water 
16 0-25 
100 every proportion 



JKagnesiiun Sulphate (Epsom Salts) 

100 parts water dissolve (Gay- 
Liussac and Tobler) at 

or 24*7 MgS04 as cryst. salt 

10 30-5 

20 350 

25 371 

30 39-8 

40 47-0 

50 49-7 

55 52-8 

60 55-9 

70 60-4 

80 651 

90 70-3 

105-5 132-50 (Griffiths) 



Potassium Carbonate. 
(1) Anhydrous (Osann). 
1 part dissolves at 

3* in 1-05 parts water 

6 0-962 . 
12-6 0-900 
26 0*747 
70 0*490 
15 0-922 (Gerlach). 



(2) 

0' 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
135 



Crystallised (Pogglale). 
100 parts water dissolve at 
83 12 KsC03=131*15K ,C03,2aq. 



88-72 
94*06 
10009 
106-20 
112-90 
119-24 
12710 
134-25 
143*18 
153-66 
205*11 



142*50 
153-70 
166-85 
180-07 
196-60 
212*35 
232*84 
252*57 
278-72 
311*85 
526-10 



Potassium Bicarbonate. 
100 parts water dissolve (PofiTRiale) at 
0° 19-61 parts KHCO- 
10 23-23 
20 26-91 
30 30-57 
40 34*15 
50 37*92 
60 41*35 
70 45*24 

Potassium Chlorate. 
100 parts water dissolve at 
0" 3-33partsKC103(Gay-Lussac) 
13-32 5-60 
15-37 6*03 
24-43 8-44 
35-02 12-05 
49*08 18-96 
74*89 35*40 
104-78 60-24 

17 6*68 (V. Meyer). 

18 6*82 
98 55*50 

Potassium Chloride. 

100 parts water dissolve at 

29-21 KCl (Gay-Lussac). 




11*8 
13*8 
15-6 
19 
52 
79 
109*6 



34-6 

34-9 

35 

34*53 

43*59 

50-93 

59*26 



(Kopp). 



(Gay-Lussac). 



Potassium Nitrate. 
100 parts water dissolve at 
0" 13;32partsKN03 (Gay-Lussac) 

11-67 22*23 
17*91 29*31 
24*94 38*40 
3513 51*82 
45-10 74*66 
54*72 9705 
65*45 125*42 
79-72 169*27 
97*66 236-45 
114*5 284*61 
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SOLUBILITY OF CERTAIN SALTS AT DIFFERENT 
TEMPERATURES— con^inwed. 



Potassium Sulphate. 
100 parts water dissolve at 

12'6' 10 K2SO4 (Brandes and Firn- 

15 1038 haber) 

31-25 U 

37-5 17 

50 25 

.i6*25 22 

68-75 21-95 

87-5 25 

I'JO 26 

101*7 21-21 

Sodium Carbonate. 

100 parts water dissolve at 

[(Ixiewel) 



0'6-97Na2 


CO3 21-33 Na. 


10 1206 


4J94 


lo 16-20 


63 20 


20 21*71 


92-82 


25 28*50 


14913 


30 37*24 


273-64 


32 59 


(Mulder) 


34-79 46*2 




80 45*9 




85 45-7 




90 45*6 




95 45*4 




100 45*1 





Boiling point of the saturated 
solution 106\ 

Sodium Bicarbonate. 
100 i)arts water dissolve at 



0- 


6-90 NaHCO., (Dibbits) 


10 


815 


20 


9-60 


30 


1110 


40 


12-70 


50 


14-45 


60 


16-40 




Sodium CUoride. 


100 parts water dissolve at 


-15' 


32-73 NaCl (PoRgiale) 


-10 


33-49 


-5 


34*22 





35-52 


+5 


35*63 


9 


35-74 


14 


35-87 


25 


36*13 


40 


36-64 


50 


36-98 


60 


37-25 


70 


37-88 


80 


38-22 


90 


38-87 


100 


39-61 



Sodium CUorate. 
100 parts water dissolve at 

0" 81-9 NaClOa (Kremers) 

20 99 

40 123-5 

60 147-1 

80 175-6 

100 232-6 

120 333-3 

Sodium Nitrate. 

100 parts water dissolve at 

-6' 68-80 NaNo, (Poggiale) 

+0 79-75 

10 84-30 

16 87-63 

20 8955 

30 95-37 

40 102-31 

60 111- 13 

60 119-94 

70 129-63 

80 140 72 

90 153-63 

100 168-20 

120 225-30 

The saturat. d solution boils at 122"* 

Sodium Sulphate. 

100 parts water dissolve (Gay- 
Lussac) at 



0° 5-02 Na^SO* 1217 Na2SO4.10a(i 


11-67 1012 


26-38 


13-30 11-74 


31- « 


17-91 16-73 


48-28 


25 05 28-11 


99-48 


28-76 37-35 


161-53 


30 75 43*05 


215-77 


31-84 47-37 


270-22 


32-73 50 65 


32212 


33 88 50-04 


312-11 


40-15 48-78 


291-44 


45-04 47 81 


276-91 


50-40 46 82 


262 35 


69-79 45-42 


« • 


70-61 44-35 


• « 


84-42 42-96 


• • 


10317 42-65 


• • 


Sodium Thiosulphate (hsrposul- 




phlte). 


100 parts water dissolve (Mulder) iit 


0" 47*6 NaaSjOs as cryst. salt 


16 65 




20 69 




25 75 




30 82 




35 89 




40 98 




45 109 




47 114 




60 192 


(Kremers) 
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TABLE 7.—SOLUBILITY OF AMMONIA IN WATER BY 

WEIGHT. 

(Solubility hy Volume in Table 6.) Ig. Water Dissolves at 760mni. 

pressure (Roscoe and Dittmar.) 



At 


gNH, 


At 


gNH, 


At 


knh. 


At 


gNH, 


0° 


0-875 


16- 


0-582 


30° 


0*403 


44' 


0-275 


2 


0*833 


18 


0-554 


32 


0-382 


46 


0259 


4 


0-792 


20 


0-526 


34 


0-362 


48 


0-244 


6 


0-751 


22 


0-499 


36 


0-343 


50 


0-229 


8 


0-713 


24 


0-474 


38 


0-324 


52 


0-214 


10 


0-679 


26 


0-449 


40 


0-307 


54 


0*200 


12 


0-6i5 


28 


0-426 


42 


0-290 


56 


0*185 


14 


0-612 















TABLE 8.— SOLUBILITY OF CHLORINE IN WATER. 

(Schonfeld.) 
1 Vol. Water absorbs Vols. Chlorine, calculated at 0° and 760mm. pressure 



At 



10' 

11 

12 

13 

14 

15 

16 

17 



Vol. Chlor. 


At 


2-5852 


18' 


2-5113 


19 


2-4977 


20 


2-4543 


21 


2*4111 


22 


23681 


23 


2-3253 


24 


22828 


25 



Vol. Chlor. 

1 


' At 

1 


2-2405 


26- 


2-1984 


27 


2-1565 


28 


21148 


29 


20734 


30 


20322 


31 


1-9912 


1 32 


1-9501 


33 



Vol. Chlor. 


At 


1*9099 


34- 


1-8695 


35 


1-8295 


36 


1-7895 


37 


1-7499 


38 


1*71(H 


39 


1-6712 


40 


1-6322 


, 



VoL Chlor. 



1-5934 
1-5555 
1*5166 
1-4785 
1*4406 
1*4029 
1*3655 



TABLE 9.— SOLUBILITY OF HYDROGEN CHLORIDE IN 

WATER. 

1. Bt Weight (Roscoe and Dittmar). Ig. Water absorbs at 760mm. 

pressure 



At 


gHCl 


At 


gHCl 


At 


gHCl 


At 


gHCl 


0* 


0-825 


16'" 


742 


.^2" 


0-665 


48' 


0-603 


4 


0804 


20 


0721 


36 


0-649 


52 


0589 


8 


0-783 


24 


0-700 


40 


0633 


56 


0-575 


12 


0*762 


28 


0-682 


44 


0-618 


60 


0-561 



2. By Volume (Deicke).— Iccm. Water absorbs at a pressure of 760mm. 



At 



0" 

4 

8 
12 
14 
18 

18*25 
23 



ccm. HCl 


Spec. Gray, of the 


Percentage of HCl in 


Acid Formed. 


same. 


525-2 


1-2257 


45-148 


497*7 


1-2265 


44-361 


480-3 


1-2185 


43*828 


471*3 


1*2148 


43-277 


462-4 


1*2074 


42-829 


451-2 


1-2064 


42-344 


450-7 


1-2056 


42-283 


435 1) 


1-2014 


41*536 
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TABLE 10.— SPECIFIC GRAVITIES OF DIFFERENT 

SOLIDS. 



Alderwood 

Alumina, anhydrous 

Alu m, ammonia 

potash 

AlHmtna sulphate, cryst.. 

Aluminium 

Alumstone 

Ammonia nitrate 

sulphate 

chloride 

Anhydrous gypsum 

Anthracite 

Antimony 

Arsenious acid 

Arsenic acid 

Asphalt 

Ash wood 

Barium chloride, cryst 

carbonate 

sulphate (spar) . . 

hydrate, cryst 

Bauxite 

Basalt 

Beech wood, dry 

Birch wood, dry 

Bismuth 

Borate of magnesia (bora 

cite) 

Borax, crvstallised 

Boric acid, crystallised . . 

fused 

Brown coal, lignite 

Brickwork , 

Bricks, ordinary 

Brass , 

Calamine 

Chalk 

Calcium chloride, cryst. . 
chloride, anhydrous 

silicate 

carbonate 

phosphate 

sulphate, anhydrous 

Calcspar 

Cannel 

Cement 

China clay, kaolin 

ChajTCoal, organic 

wood 

Coke, porous 

Coal, porous 

Copper, metallic, cast . . . 

hammered 

pyrites 

oxide , 

sulphate 

Cuprous sulphide 

Clay 

Cryolite 

Elmwood 

Fat, animal 

Felspar 

Fibres, vegetable 

Firwood, dry 

Firebricks 



0-5-0-6 

415 

1*626 

1-724 

1-596 

2-76 

28 

1-707 

1-77 

1-528 

2*96 

1-4-1-7 

6-7 

3-881 

4-250 

1-1-1-2 

0-7-0-8 

2-6^ 

4-56 

4-73 

1-66 

2-8-3-2 
0-7-0'8 
0-7-0-8 
9-85 

2-9 

1-692 

1-479 

1-830 

1-2-1-4 

1-5-1-7 

1-4-2-2 

8-4-8-7 

414-5 

1-8-2-7 

1-612 

2240 

2-9 

2-7 

3-18 

2-927 

2-72 

1-16-1-27 

2- 7-305 

2-21 

1-57 

0-3-0-5 

0-4 

1-16-1-63 

8726 

8-94 

41-4-3 

6-43 

2-27 

5-97 

1-8-2-6 

296 

0-67 

0-92 

2-5-2-6 

1-51 

0-6 

1-85 



Flint 

Glass, green 

plate 

crystal, Bohem 

flint, Engl 

Glauber's salt, cryst 

anhydrous 

Granite 

Gypsum, plastei»-of-paris 

cast, dry 

Heavy spar 

Iodine 

Iron, wrought 

gray, cast 

white, cast 

peroxide 

nydrated oxide 

magnetic oxide 

carbonate 

sulphate, cryst 

pyrites, white 

pyrites 

Larchwood 

Liignite 

Lime, burnt, quick 

Limewood 

Litharge 

Lead, cast 

red 

chromate 

acetate, cryst 

carbonate 

nitrate 

sulphide 

sulphate 

chloride 

Magnesia, calcined 

carbonate 

Magnesite 

Magnesia sulphate, cryst.. 
chloride, cryst.. 

Manganese peroxide 

native 

Marble , 

Nickel 

Oakwood, dry 

Phosphorus, yellow 

red 

Pinewood, white 

red 

Platinum 

Pockwood 

Poplar 

Porcelain 

Porphyry 

Potash 

Potassium carbonate 

chlorate 

chloride 

chromate 

nitrate 

sulphate 

bisulphate 

hydrate 



Quartz 



2-7 
2-642 
2-450 
2-9-30 
3-4-3*44: 
1-52 
2-63 
2-5-2-9 
2*322 
•97 

4*3-4*48 
4*948 
7*4-7-9 
6*6-7-3 
7-1-7-9 
5-22 
3-94 
5-4 
3-87 
1-904 
4-654-8S 
5-18 
0-44-05 
1-2-1-4 
3-08 
0-5 
9-36 
11-3 
8-62 
6-00 
2395 
6-47 
4-40 
7-505 
6169 
5-802 
3-2 
2-94 
2*9-31 
1*751 
1-558 
2*94 
4-7-5 
2*5-2-8 
8*9 

0-85-0-95* 
1-826 
2*106 
0*55 
0*5 
21*1 
1*263 
0-38 
2*1-2*5. 
2*8 
2*3 
2*264 
2-35 
1-945 
2-603 
2-058 
2-66 
2-277 
2014 
27 
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TABLE II.— WEIGHT OF SUBSTANCES AS STORED. 



.™,„o.. 


ICub.Msire 






1570 

S 

g 

120 

2300 
2310 

i 
i 

1268 

,!iS 
S 

497-A93 


h. »d.P. 
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TABLE 12.— SPECIFIC GRAVITY OF DIFFERENT 

LIQUIDS. 



Alcohol 

Acetic acid 

Bisulphide of carbon 

Benzine 

Coal tar 

Ether 

Glycerine 

Linseed Oil 

Mercury 



Specific 


At 


Gravity. 


Temp. 


0-7939 


12-5 


1-064 


17 


1-272 


• ■ 


0-85 


15-5 


0-865 


15 


0-723 


12-5 


1-260 


15 


0-9347 


15 


13-596 






Nitrogen dioxide 
(liquid) 

OUveoil 

Petroleum 

Rapeseedoil 

Sulfihurous anhy- 
dride (liquid) 

Sea water 

Spirits of turp'ntine 



Specific 
Gravity. 



1-45 
0-917 
0'78-0-81 
0*9136 

1'45 

102-1-04 

0-865 



At 
Tempw 



15 
15 
15 

-20 
15 
15 



TABLE 13.— SPECIFIC GRAVITY AND PERCENTAGE 
OF SATURATED SOLUTIONS. 

The percentage refers to anhydrous salt. 



Ammonium chloride 
sulphate 

Barium chloride 

Calcium chloride . . . 

Magnesium sulphate 

Potassium chloride . 

carbonate 

nitrate . . . 

sulphate . 

Sodium chloride , 

carbonate . . . 

nitrate 

sulphate . . . 





Per- 






Tem- 


centage 


Specific 


Degrees 


perature. 


of Salt. 


Gravity. 


Twaddell 


15 


26-30 


10776 


15-5 


19 


50 00 


1-2890 


57-8 


15 


25-97 


1-2827 


56-5 


15 


40-66 


1-4110 


82-2 


15 


25-25 


1-2880 


57-6 


15 


24-90 


1-1723 


34-4 


15 


5202 


1-5708 


114 


15 


21-07 


1-1441 


, 28-8 


15 


9-92 


10831 


16-6 


15 


26-395 


1-2043 


40-8 


15 


14-35 


1*1535 


30-7 


19-5 


46-25 


1-3804 


76 


150 


11-95 


1-1117 


22-3 



22 



TABLE 14.— SPECIFIC GRAVITY OF GASES AND 

VAPOURS. 



Ammonia 

Atmospheric air .. 

Bromine 

Chlorine 

Carbonic oxide 

Carbonic acid 

Ethylene 

Hydrochloric acid. 

Hydrogen 

Iodine 

Methane 

Mercury vapour .. 

Nitrogen 

Nitrous oxide 

Nitric oxide 

Nitrous anhydride. 

Nitric dioxide . . -[ 

Oxygen 

Sulphur 

fcSulphuretted \ 
hydrogen J 

Sulphurous ) 

anhydride | 

Water vapour 





Mole- 


Experi- 
mental 


Calculated 


Calculated 


« 


cular 
weight. 


specific 
gravity. 
Air=l. 


grm. per 

litre at 

0°&760miu. 


lb. per 
cubic foot. 
S^F. 29-92" 


NHa 


17 


0-597 


0*7614 


•04763 


« • 


• • 


1-000 


1-2937 


*08076 


Brj 


160 


5*528 


7*166 


•*474 


g'd 


71 


2*448 


3*1801 


•1985 


28 


0*9678 


1*2541 


•0783 


CO, 


44 


1*529 


1*9708 


•12304 


28 


0*971 


1*254 


•0782 


36*5 


1*255 


1*6357 


•1021 


H, 


2 


0*06926 


008958 


•00558 


J, 


254 


8*716 


11*3767 


•7101 


CH4 


16 


0*558 


0*7166 


•0447 


Hg 


200 


6976 


8*958 


•5592 


N, 


28 


0-97137 


1*2541 


•0783 


N,0 
NO 


44 


1*527 


1*9708 


•1230 


30 


1*039 


1*3437 


•0838 


%' 


76 


2*64 


3*4040 


•2126 


46 


1*8 


2*0603 


•1286 


^6?* 


92 


3*6 


41207 


•2573 


32 


1*10563 


1*4333 


•0894 


s. 


64 


2*217 


2*8666 


•1790 


HjS 


34 


1-1912 


1-5229 


•9505 


SO, 


64 


2*217 


2-8666 


•1790 


H,0 


18 


0-615 


0-8062 


•0503 



Calculated 
grains per 
cubic foot. 
SZ'F. and 
29-92. 



331^7 
563^6 
312*3 
1385*5 
546*5 

858*8. 
545*8 
712*6 
38-95 
4957-0 

284*5 
3903 
546-5 
8586 
584*9 

1483 
897*6 

1796 
624 

1249*5 

663*2 



1249*5 
351-1 



15.— LINEAR EXPANSION OF DIFFERENT SUBSTANCES 

By variation of temperature from 0" to 100° C. (32°-212° F.) 



Brass 


0*001868 

0*001200 

0*00100 

0001718 

C*000817 

0-000861 

0-000766 

0001466 

0-001235 

0001110 

0-002848 

0-000849 

0000418 

0000884 

0001908 

0-002058 

0-001240 

0001079 

0*001938 

0*015533 

0002942 




535 


Charcoal from oak 


833 


fir 


1000 


Conner 


:582 


Glafis, flint 


:1219 


white 


: 1161 


jrreen 


:1305 


Gold 


:682 


Iron, wrought 


:812 


cast 

Lead 


:901 
:351 


Marble of Carrara 


:1178 


St. Beat 


:2392 


Platinum 


:1132 


Silver 


:524 


Solder, hard 


:486 


Steel, hardened 


:807 


not hardened 


:927 


Tin 


:516 


Water 


:71*4 


Zinc 


340 
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17.— CONVERSION OF CELSIUS INTO FAHRENHEIT 
DEGREES ABOVE 100 AND VICE VERSA. 

Divide the decrrees above 100 into hundreds and a remainder. The 
flgrure corresponding to the hundreds is taken from the following tables 
and added to that corresponding to the remainder as taken from Table 17. 
If on converting Fahrenheit into Celsins the " remainder *' amounts to 
3T, or below this, the degrees Celsius corresponding to it are negative 
(below freezing point) and hence must be deducted from the figures of 
the following table. Also take notice, for example, that 300° F. is not = 
166-7* C, but = 166-7- 17*8, or = 1111 + 37*7 = li8-9- C. 



A. 



Cels. 


Fahr. 


Cels. 


Fahr. 


Cels. 


Fahr. 


Cels. 


Fahr. 


100 


180 


600 


1080 


1100 


1980 


1600 


2880 


200 


360 


700 


1260 


1200 


2160 


1700 


3060 


900 


540 


800 


1440 


1300 


2310 


1800 


3240 


40) 


720 


900 


1620 


1400 


2520 


1900 


3420 


500 


900 


1000 


1800 


: 1500 

1 


2700 


2000 

1 


3600 



B. 



Fahr. 


Cels. 


Fahr. 


Cels. 


Fahr. 


Cehi. 


Fahr. 


Cels. 


100 


66-6 


1000 


556-6 


1900 


1055-6 


2800 


1555-6 


200 


111-1 


1100 


611-1 


2000 


11111 


290O 


1611-1 


300 


166-7 


1200 


666-7 


2100 


1166-7 


3000 


1666-7 


400 


222-2 


1300 


722-2 


2200 


1222-2 


3100 


1722-2 


500 


277*8 


1400 


777-8 


2300 


1277-8 


3200 


1777-8 


600 


333-3 


1500 


833-3 


2400 


1333-3 


3300 


1833-3 


700 


388-9 


1600 


888-9 


2500 


1388-9 


3400 


1888-9 


800 


444-4 


1700 


944-4 


2600 


1444-4 


3500 


1944-4 


900 


600 


1X00 


1000 


2700 


1500 
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TABLE 18.— FUSING POINTS. , 



Aluminium 

Antimony 

Asphalt 

Bismuth 

Boric acid 

Brass 

Bromine 

Bronze 

Cadmium 

Cobalt 

Colophonium 

Copper 

Cupric chloride 

Cuprous chloride 

Fat, oxen 

sheep 

^, Pi« 

Fluorspar 

Glass 

Olass containing lead. 

Gold 

Iron, ca^t, white 

gray 

wrought. . . 

Iodine 

Lead 

oxide ^ 

chloride 

Magnesium 

Merourjr 

Mercuric chloride . . . 

Naphthalene 

Nickel 

PalmoQ 

Paraffin 

Platinum 

Pitch (coal tar) 

Phosphorus 

Potassium chlorate... . 

iodide 

carbonate . 
nitrate . . . 

Stearic acid 

Steel 

Silver, metallic 

chloride 

nitrate 

Strontium chloride.. . 

Selenium 

Sodium chloride 

sulphate . . . 

nitrate 

chlorate 

carbonate... 

Spermaceti 

Thallium 

Tin 

Wax, bee's 

Zinc 



c. 


F. 


700- 
432 


1292* 


809 


100 


212 


260 


500 


186 


367 


900 


1652 


-22 


-7-6 


900 


1652 


316 


600 


laOO 


2732 


135 


275 


1100 


2012 


498 


928 


434 


813 


40 


104 


42 


107-6 


27 


80-6 


902 


1655 


1200 


2192 


1000 


1832 


1075 


1967 


1075 


1967 


1275 


2327 


1550 


2822 


113 


235-4 


326 


618 


954 


1749 


498 


928 


500 


932 


-39 


-38-2 


293 


560 


79 


174-2 


1500 


2732 


29 


84-2 


45^ 


113-140 


1775 


3227 


150-200 


300-400 


44 


111-2 


359 


678 


634 


1173 


834 


1533 


329 


624 


70 


158 


1375 


2507 


960 


1760 


451 


843-8 


217 


422 


825 


1517 


217 


422 


772 


1421 


861 


1581 


316 


600 


302 


575 


814 


1497 


45-50 


113-122 


290 


554 


230 


446 


62-70 


143tl58 


412 


773 
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TABLE .I9.-BOILING POINTS. 



Alcohol, absolute 

Ammonia, anhydrons 

nitrate, satur. solution 

Barium chloride, satur. solution 

Bisulphide of carbon 

Benzol 

Bromine 

Calcium chloride, satur. solution 

66 per cent, solution 

33 per cent, solution 

nitrate, satur. solution 

Carbonic acid 

Ether 

Hydrochloric acid, 20*2 per cent. HCl 

Iodine above 

Methylic alcohol 

Mercury 

Naphthalene 

Nitric acid, most concentrated 

. specific Kravity 1'42 

Nitrous anhydride .• 

oxioe 

Nitrogen dioxide 

Potassium chloride, satur. solution 

chlorate, satur. solution 

acetate, satur. solution 

carbonate, satur. solution 

nitrate, satur. solution 

Sodium chloride 

acetate 

carbonate 

phosphate 

nitrate 

Sulphur 

Sulphuric acid 

anhydride a 

/3 

Sulphurous anhydride 

Turpentine, spirits of 



C. 



TS- 


172-4' 


-38-5 


-37-3 


164 


327 


104-4 


220 


47-0 


116-6 


80*4 


177 


63-0 


145-4 


179-5 


355-1 


156 


312-8 


128 


262-4 


152 


305*6 


-78 


-108 



35 
110 
200 



160 



F. 



95 
230 

392 



60 


140 


357 


674*6 


217 


422*6 


86 


186*8 


121 


249*8 


-2 


28*4 


-88 


-126 


28 


82*4 


110 


230 


105 


221 


169-4 


338*9 


135 


275 


118 


244-4 


108-4 


227*1 


124*4 


255*9 


106 


222*8 


106*6 


223*8 


122 


251*6 


448 


838 


326 


618*8 


15 


59 


50 


1 122 


-10 


14 



320 
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TABLE 20.— REDUCTION OF THE VOLUME OF 

I. Table for reducing: the volumes 



1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
U 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
M 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 



2* 



0*996 
1-993 
2*969 
3*985 
4*982 

5*978 
6*974 
7*970 
8*967 
9*963 

10*96 
11*96 
12*95 
13*95 
14*95 

15*94 
16*94 
17*93 
18*93 
19-93 

20*93 
21*92 
22*92 
23*92 
24*91 

25*91 
26*90 
27*90 
28*90 
29*89 

30*89 
31-88 
32-88 
33*88 
34*87 

35-87 
36*87 
37*86 
38-86 
39*85 

40*85 
41*85 
42*84 
43-84 
44-84 

45*83 
46*83 
47-83 
48-82 
49-82 



4- 



0-993 
1-985 
2-978 
3-971 
4-964 

5-956 
6-949 
7-942 
8-934 
9*927 

10-92 
11-91 
12-91 
13-90 
14*89 

15*88 
16-87 
17-87 
18-86 
19-85 

20*84 
21-84 
22-83 
23-82 
24-81 

25-81 
26*80 
27*79 
28*78 
29*78 

30*77 
31*76 
32*76 
33-75 
34-74 



0*989 
1*978 
2*967 
3*956 
4*946 

5*935 
6*924 
7*913 
8*902 
9*891 

10*88 
11*87 
12*86 
13*85 
14*84 

15-83 
16*82 
17*81 
18*79 
19*78 

20-77 
21*76 
22*75 
23*74 
24-73 

25-72 
26-71 
27-69 
28-68 
29-67 

30*66 
31-65 
32-64 
33-63 
34-62 



35-74 


35-61 


36*73 


36-60 


37-72 


37-59 


38*71 


38-58 


39*71 


39-56 


40*70 


40-55 


41*69 


41-54 


42-68 


42-53 


43*68 


43-52 


44*67 


44-51 


45*66 


45-50 


46*65 


46-48 


47-65 


47-48 


48-64 


48-47 


49-64 


49-46 



0*986 
1-971 
2-957 
3-942 
4-928 

5*913 
6-899 
7-885 
8-870 
9*856 

10*84 
11*83 
12*81 
13*80 
14-78 

15-77 
16-75 
17-74 
18-72 
19-71 

20*69 
21-68 
22-66 
23-65 
24-64 

25*62 
26-61 
27-59 
28*58 
29*57 

30*55 
31-54 
32-52 
33-51 
34*50 



6" 



0*962 
1*964 
2*946 
3*928 
4*910 

5*892 
6-874 
7-856 
8-838 
9-820 

10-80 
11-78 
12-76 
13-75 
14-73 

15-71 
16-69 
17-67 
18-65 
19-64 

20-62 
21*60 
22*58 
23*56 
24*55 

25-53 
26-52 
27-50 
28-48 
29-46 

30*44 
31-42 
32-40 
33 38 
34*37 



35-48 


35*35 


36-47 


36-33 


37-45 


37*32 


38-44 


38*30 


39-42 


39-28 


40-41 


40*26 


41-39 


41-24 


42-38 


42*22 


43*37 


43*20 


U-35 


44*19 


45*34 


45*17 


46*32 


46*15 


47*31 


4713 


48-29 


4812 


49*28 


49-10 



0-978 
1-957 
2-936 
3-914 
4-893 

5*871 
6*850 
7*828 
8*807 
9*785 

10*76 
11*74 
12*72 
13*70 
14*68 

15*66 
16-64 
17-61 
18-59 
19-57 

20-55 
21-53 
22-51 
23-48 
24-46 

25-44 
26-42 
27-40 
28-38 
29-36 

30-34 
31-32 
32-30 
33-27 
34-25 

35*23 
36*21 
37*19 
3816 
39*14 

40*12 
4110 
42-08 
43-05 
4403 

45*01 
45*99 
46-97 
47-95 
48 93 



8' 



0*975 
1*950 
2-925 
3*900 
4*875 

5*850 
6-825 
7-800 
8*775 
9-750 

10-73 
11-70 
12-68 
13-65 
14-63 

15-60 
16-58 
17-55 
18-53 
19-50 

20-48 
21-45 
22-43 
23-40 
24*38 

25*35 
26-33 
27-30 
28-28 
29-25 

30-23 
31-20 
32-18 
33-15 
34-13 

35*10 
36-08 
37-05 
3803 
39-00 

39-98 
40-95 
41-93 
42-90 
43-88 

44-85 
45-83 
46*80 

47-78 
48-75 



0-972 
1-943 
2-915 
3-886 
4-858 

5-830 
6*801 
7-773 
8-744 
9-716 

10-69 
11-66 
12-63 
13-60 
14-57 

15-55 
16-52 
17-49 
18-46 
19-43 

20-40 
21*37 
22-35 
23-32 
24-29 

25-26 
26-23 
27-20 
28-17 
29-15 

3012 
31*09 
32-06 
33-03 
34-01 

34-98 
35-95 
36-92 
37-89 
38*86 

39 83 
40*80 
41*78 
42*75 
43*72 

44*69 
45*66 
46-63 
47*60 
48-58 



9° 



0-968 
1-936 
2-904 
3-872 
4-841 

5-809 
6-777 
7-745 
8-713 
9-681 

10-65 
11-62 
12-59 
13-55 
14-52 

15-49 
16-46 
17-43 
18-39 
19-36 

20-33 
21-30 
22*26 
23*23 
24*20 

25*17 
26*13 
27-10 
28-07 
29-04 

3001 
30-98 
31-94 
32-91 
33-88 

34-85 
35-82 
36-79 
37-75 
38*72 

39-69 
40-66 
41*62 
42*59 
43-56 

44*53 
45-50 
46-47 
47-44 
48-41 



10° 



0*965 
1*929 
2*894 
3*859 
4*824 

5*788 
6*753 
7*718 
8*682 
9*647 

10*61 
11*57 
12*54 
13*50 
14*47 

15*43 
16*40 
17*36 
18*33 
19*29 

20-26 
21-22 
22-18 
2315 
24-11 

25-08 
26*04 
27-01 
27-97 
28-94 

29-91 
30-87 
31-84 
32-80 
33-77 

34*73 
35-70 
36*66 
37-62 
38-59 

39*55 
40*52 
41*48 
42*45 
43*41 

44*38 
45*34 
46-31 
47-27 
48-24 



0" 



1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
,13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

2G 
27 
26 
2!> 
30 

31 
32 

sa 

34 
35 

36 
37 
38 
S9 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 
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GASES TO NORMAL TEMPERATURE AND PRESSURE 

of gases to a temperature of 0** C. 



51 
52 
53 
51 
55 

56 
57 
58 
59 
(X) 

61 
62 
63 
U( 
65 

€6 

67 
68 
69 
7Q 

71 
72 
73 
74 
75 

76 

77 
78 
79 
£0 



2" 



50-82 
61-81 
52-81 
63-81 
54-80 

55-80 
56-80 
57-79 
58-79 
59-78 

60-78 
61-78 
62-77 
63-77 
64-76 

65-78 
66-75 
67-75 
68-75 
69-74 

70-74 
71-74 
72-73 
73-73 
74-72 

75-72 
76-72 
77-71 
78-71 
79-70 



SI 


80-70 


S2 


81-69 


83 


82-69 


Si 


83-69 


X> 


84-68 


50 


85-68 


S7 


86-68 


SS 


87-67 


«9 


88-67 


90 


89-67 



3" 



91 
32 
93 
91 
«5 

96 
97 
98 
99 
100 



90*66 
91-66 
92-66 
93-65 
94-66 

95*65 
96-64 
97-64 
98-64 
99-63 



50-63 
51-62 
62-62 
63-61 
64-60 

65*60 
56-59 
67-58 
58-57 
69-56 

60-56 
61-55 I 
62-54 
63-53 
64-53 

65-52 
66-51 
67-50 
68-50 
69*49 

70-48 
71-48 
72-47 
73-46 
74-45 

75*45 
76*44 
77-43 
78-42 
79-42 

80-41 
81-40 
82*39 
83-39 
84-38 

86-37 
86-37 
87-36 
88-36 
89-34 



50-15 
5144 
52-43 
63-42 
64-41 

56-40 
66*39 
57-37 
68-37 
59-35 

60-34 
61-33 
62*32 
63-31 
64-30 

66-29 
66-27 
67-26 
68-26 
69-24 

70-23 
71*22 
72-21 
73-20 
7419 

75-18 
76-17 
77-16 

78-14 
7913 

8012 
8111 
8210 
8309 
84 06 

8507 
86-06 
87-05 
88-04 
89-02 



6' 



90*34 
91*33 
92*32 
93*31 
94-31 

95*30 
96*29 
97*28 
98*27 
99-27 



50-26 
51-26 
52-24 
63*22 
54-21 

65*19 
5618 
57-16 
58-16 
59*13 

60-12 
61-10 
62-09 
63-07 
64-06 

65-04 
6603 
6702 
6801 
68-99 

69-98 
70-96 
71-95 
72-93 
73-92 

74-90 
75-89 
76-87 
77-86 

78-85 

79-83 
80-82 
81-81 
82-79 
83-78 

84-76 
85-75 
86-73 

87-72 
88-70 



90-01 
91-00 
91-99 
92-98 
93-97 

^-96 
95-95 
96-93 
97-92 
98-91 



6" 



5008 
51-06 
52-05 
53 03 
64-01 

64*99 
66-97 
56-96 
57-93 
68*92 

69-90 
60-88 
61-86 
62-84 
63*83 

64*81 
65*79 
66-77 
67-76 
08-74 

69 72 
70-70 
71-69 
72-66 
73-65 

74-63 
75-61 
76-59 
77-58 
78-56 

79-54 
80-52 
81-51 
82-49 
83-47 

84*45 
85*43 
86-42 
87-40 
88-38 



89-69 
90-67 
91-66 
92-64 
93*63 

94*61 
95*60 
96*58 
97*57 
98-56 



49-91 
50*89 
51*87 
52-84 
63-82 

54-80 
65-78 
66-76 
67-74 
68-71 

59*69 
60-67 
61*65 
62*63 
63-61 

64-58 
65-56 
66-54 
67-52 
68 50 

69*48 
70-46 
71*44 
72*41 
73-39 

74-37 
76-35 
76-33 
77-31 
78-28 

79*26 
80-24 
81*22 
82-20 
83*17 

84*16 
8513 
86-11 
87*09 
88*07 



89-36 
90-34 
91-33 
92-31 
93-29 

94-27 
95-25 
16-24 
97*22 

98-90 



8° 



89*06 
90-03 
91-01 
91-98 
92*96 

93*94 
^*92 
96*90 
96*87 
97-85 



49-73 
50-70 
61-68 
62-65 
63-63 

64*60 
65*58 
56-55 
57*63 
68*50 

59*48 
60-45 
61-43 
62-40 
63-38 

64*35 
65-33 
66-30 
67-28 
68*25 

69-23 
70*20 
71*18 
72*15 
7313 

74*10 
7508 
76-05 
77-03 
7800 

78*98 
79-95 
80*93 
81*90 
82*88 

83-85 
84-83 
86-80 
86-78 
87*76 



9' 



88-73 
89-70 
90*68 
91*65 
92*63 

93*60 
94*58 
95-56 
96-53 
07-50 



49-65 
50-52 
51-49 
52-46 
53-44 

64-41 
55-38 
66-35 
57-32 
68-30 

59*27 
60-24 
61-21 
62-18 
63-15 

64-13 
65-10 
66-07 
67-04 
6801 

68-98 
69-95 
70-93 
71-90 
72*87 

73-84 
74-81 
75-78 
76-76 
77*73 

78-70 
79*67 
80-64 
81*61 
8258 

83-55 
84*63 
85-50 
86*47 
87-44 

88-41 
89-38 
90-36 
91*33 
92-30 



10' 



49-38 
60-35 
6131 
52-28 
63-25 

64*22 
65-19 
5616 
67*12 
68-09 

69*06 
60-03 
60-99 
61-96 
62-93 

63-89 
64-86 
65-83 
66 80 
67-77 

68*74 
69*71 
70-67 
71-64 
72*61 

73-58 
74-65 
75-51 
76-48 
77-46 

78-42 
79-39 
80-36 
81-32 
82-29 

83-26 
84-23 
85-20 
86-16 
87-13 



93*27 
94-24 
95-21 
96*18 
97-16 



88-10 
89-07 
90-03 
91-00 
91-97 

92-94 
93*91 
94*87 
95-84 
96-81 



0' 



49-21 
50-17 
61-13 
6210 
53-06 

64 03 
64 99 
65-96 
56-92 
57-88 

58-85 
59-81 
6077 
61-74 
62-70 

63-67 
64-63 
65-60 
66-56 
67-63 

68-49 
69*46 
70*42 
71-39 
72 35 

73-32 
74-28 
75-26 
76-21 

77-18 

78-14 
79-11 
80-07 
81-04 
82-00 

82*97 
83-93 
84*90 
85-86 
86*82 

87-79 
88*76 
89*72 
90*68 
91-65 



92-61 
93-57 
94-54 
96*50 
96-47 



61 
62 
63 
64 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
66 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
86 

86 
87 
88 
89 
90 

91 
92 
93 
94 
96 

96 
97 
98 
99 

llOO 
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REDUCTION OF THE VOLUME OF GASES TO 

Table for reducing the volumes of gases 



16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
fiO 



0' 


11' 


1 


0-961 


2 


1-923 


3 


2-881 


4 


3-845 


5 


4-807 


6 


6-768 


7 


6-729 


8 


7-690 


9 


8-652 


10 


9*613 


11 


10-57 


12 


11-53 


13 


12-49 


14 


13-45 


15 


14-42 



12" 



15*38 
16*34 
17-30 
18*26 
19*23 

20-19 
21-15 
22-11 
23-07 
24*03 

25-00 
25-96 
26-92 
27-88 
28-84 

29-80 
30-76 
31*72 
32-68 
33*65 

34-61 
35-67 
36*53 
37*49 
38-45 

39*41 
40*37 
41*33 
42*30 
43*26 

44-29 
45*18 
4614 
47*10 
48*07 



13" 



0*958. 
1*916 
2-874 
3*832 
4-790 

5-747 
6-706 
7-663 
8-621. 
9-679, 

10*63 
11*49 ' 
12*45 
13*41 
14*37 

15*32 
16*28 
17*24 
18*20 
1916 

20*12 
21-08 
22-03 
22*99 
23-95 

24-91 
25-87 
26-82 
27*78 
28*74 

29-70 
30-66 
31-61 
32-57 
33-53 

34-49 
35-46 
36-40 
37-36 
38-32 

39-28 
40*24 
41*19 
42*15 
43-11 

44-07 
4503 
46*98 
46-M 
47-90 



14' 



0-955 
1*909 
2-864 
3-818 
4*773 

6*728 
6*682 
7*637 
8*591 
9*646 

10*50 
11*45 
12-41 
13-36 
14-32 

15*27 
16-23 

17-18 
18-14 
1909 

20-04 
21*00 
21-95 
22-91 
23-86 

24-81 
25-77 
26-72 
27-68 
28-64 

29-59 
30-56 
31-50 
32-46 
33-41 

34-37 
35-32 
36-28 
37-23 

38-18 

39-14 
40*09 
41*05 
4200 
42*95 

43*91 
44*86 
46-82 
46-77 
47-73 



0*951 
1-903 
2-854 

3-8a> 

4-757 

5708 
6-659 
7-610 
8-662 
9-613 

10-46 
11-42 
12*36 
13*31 
14*27 

16*22 
16*17 
17*12 
18*07 
19*03 

19*98 
20*93 
21-88 
22-83 
23-78 

24-73 
25-69 
26*64 
27*59 
28-64 

29-49 
30*44 
31*39 
32*34 
33*30 

34*26 
35*20 
36*15 
37*10 
3805 

39*00 
39*95 
40*90 
41*86 
42*81 

43*76 
44*71 
45*66 
46*61 
47*57 



15? 



16" 



0*948 
1*896 
2-844 
3-792 
4*740 

5*688 
6*636 
7*584 
8*532 
9*480 

10*43 
11*38 
12-32 
13-27 
14-22 

15-17 
16-12 
1706 
1801 
18-96 

19-91 
20-86 
21-80 
22-76 
23-70 

24-65 
25*60 
26*54 
27*49 
28*44 

29*39 
30*34 
31*28 
32*23 
33*18 

34*13 
35*08 
36*02 
36-97 
37-92 

38-87 
39-82 
40-76 
41-71 
42-66 

43*61 
41-56 
45-50 
46*45 
47-40 



0*945 
1-889 
2-834 
3-779 
4-724 

5-668 
6-613 
7*658 
8*502 
9*447 

10*39 
11*33 
12*28 
13*22 
14*17 

15*11 
16*06 
17-00 
17*95 
18-89 

19*84 
20*78 
21*73 
22-67 
23-61 

24-66 
25-50 
26-45 
27-39 
28*34 

29-28 
30-23 
31-17 
3212 
33*06 

34*01 
34*96 
a5*90 
36*84 
37*79 

38*73 
39*68 
40-62 
41-67 
42-51 

43-46 
44*40 
45*35 
46*29 
47*24 



ir 



0*941 

1*883 
2*824 
3-766 
4-707 

5-648 
6-590 
7-531 
8-472 
9-414 

10-35 
11-30 
12-24 
1317 
14-12 

15*06 
16-00 
16-94 
17-89 
18-83 

19-77 
20-71 
21-65 
22-59 
23-64 

24-48 
25-42 
26-36 
27-30 
28*24 

29-18 
30-12 
3106 
32-01 
32-95 

33-89 
34-83 
35-77 
36-71 
37-66 

38-60 
39-54 
40-48 
41-43 
42-37 

43-31 
44-26 
46-19 
46-13 
4707 



IS" 



0*938 
1*876 
2*815 
3*7o3 
4-691 

6-62J) 
6-567 
7-506 
8-444 
9-382 

10-32 
11-26 
12-20 
13-13 
14*07 

15*01 
15*96 
16-89 
17-83 
18-76 

19-70 
20-64 
21-58 
22-51 
23-45 

24*39 
26*33 
26*27 
27*20 
28*15 

29*09 
30*03 
30*97 
31*90 
32*84 

33*78 
34*72 
35-66 
36*69 
37*63 

38*47 
39*41 
40*35 
41*28 
42*22 

43*16 
44*10 
4504 
45-97 
46-91 



19" 



0*935 
1-869 
2-805 
3-740 
4-675 

5*609 
6*544 
7-479 
8-414 
9-349 

10*28 
11-21 
12-15 
13-08 
14*02 

14-96 
16-89 
16-82 
17-76 
18*69 

19-62 
20-56 
21-50 
22-43 
23-37 

24*30 
25*23 
26*17 
27*10 
2806 

28*99 
29-92 
30*86 
31*79 
32*73 

33*66 
34*59 
35*53 
36-46 
37-40 

38-34 
39*27 
40*21 
41*14 
42-08 

43-01 
43-M 

44*88 
45*81 
46-75 



I 
20' , 0' 



0-932 
1-864 
2*795 
3*727' 
4*659 



1 
2 
3 
4 
5 



6*691 


6 


6*523 


7 


7*464 


8 


8*386 


9 


9*318 


10 


10*26 


11 


11*18 


12 


12*11 


13 


13*04 


14 


13*97 


15 


14*91 


16 


16*84 


17 


16*76 


18 


17-70 


19 


18-64 

1 


20 


19*67 


21 


20-50 


22 


21-43 


23 


22-37 


24 


23-30 


25 



24*23 2& 

25-16 27 

26-09 28- 

2702 I 29 

27-95 , 30' 



28*87 
29*81 
30*74 
31*68 
32*61 

33*54 
34*47 
35-40 
36*34 
37*27 



31 
32 

34 
36 

3& 
37 
38 
3i^ 
40^ 



38*20 , 41 
39*13 ' 42 
40*07 1 4a 



41*00 
41*93 

42*86 
43*79 
44*72 
46*65 
46*69 



44 
46 

4& 

47 
48 
4i) 
;.0 
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NORMAL TEMPERATURE AND PRESSURE, 
to a temperature of 0° C— continued. 



0" 



11' 



12' 



51 
52 
53 
51 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 

100 



49*03 
49-99 
50-95 
51-91 
52-87 

53-84 
54*80 
55-76 
56-72 
57-68 

58*64 
59-60 
60*56 
61-53 
62-49 

63*45 
64*41 
65-37 
66*33 
67-29 

68-25 
69*21 
70*17 
7114 
72*10 

73-06 
74-02 
74*98 
75-94 
76*90 

77*86 
78-82 
79-78 
80-75 
81-71 

82*67 
83*63 
84-59 
85-56 
86-52 

87-48 
88-44 
89-40 
90-36 
91*33 

92-29 
93-25 
94*21 
9517 
9fil3 



13° 



48*86 
4982 
50-77 
51*73 
52*69 

53-65 
54*61 
55*56 
56*52 
57*47 

58*43 
59-39 
60-35 
61*31 
62*26 

63*22 
64*18 
65-13 
66-09 
67-05 

68*01 
68*97 
69*92 
70-88 
71*84 

72-80 
73-76 
74-71. 
75-67 
76-63 

77*59 
78*55 
79-50 
80*46 
81*42 

82-38 
83-33 
84-29 
85-25 
86*21 

87*17 
88*13 
89-08 
90*04 
91*00 

91*96 
92-92 
93*87 
91-83 

95-79 



14° 



48-69 
49*64 
50-59 
51-55 
62-50 

53*46 
54*41 
55-37 
56*32 
57-28 

58-23 
59*19 
6014 
61*10 
62*05 

63*01 
63-96 
64-92 
65-87 
66*82 

67-77 
68-73 
69*68 
70-64 
71*59 

72-55 
73*51 
74-46 
75-41 
76-37 

77*32 
78*28 
79*23 
8019 
81*14 

82-10 
83-05 
84-01 
84*96 
85*92 

86-87 
87-83 
88-78 
89-73 
90-68 

91-64 
92*59 
93-56 
94-50 
95- J 6 



15" 16" 



48-52 
49-47 
50-42 
51-37 
5233 

53-28 
54-23 
55-18 
56-13 
57*08 

58-03 
58*98 
59-93 
60-88 
61*84 

62*79 
63-74 
64*69 
65*64 
66-59 

67-54 
68 49 
69-44 
70-40 
71-35 

72-30 
73-25 
74-20 
75*15 
7610 

77-05 
78-00 
78-95 
79-91 
80-86 

81-81 
82-76 
83-71 
84-66 
85*62 

86-57 
87-52 
88-47 
89-42 
90-38 

91-33 
92*28 
93-23 
94*18 
95*13 



48*35 
49*30 
50*24 
51*19 
52*14 

53*09 
54*04 
54*98 
55-93 
56-88 

67*83 
58-78 
59-72 
60*67 
61*62 

62*57 
63-52 
64-46 
65-41 
66-36 

67-31 
68-26 
69-20 
70-15 
71-10 

72-05 
73-00 
73-94 
74-89 
75*84 

7679 

77-74 
78-68 
79-63 
80-58 

81-53 
82*48 
83*42 
84*37 
85-32 

86-27 
87*22 
88-16 
89-11 
90*06 

91*01 
91*96 
92*90 
93*85 

94-80 



17' 



48*18 
49*13 
50-07 
51*02 
51-96 

52-91 
53*86 
54-80 
55-74 
56-68 

57-63 
58-57 
59-52 
60-46 
61-40 

62-35 
63-29 
64*23 
65*18 
66*13 

67*07 
68*02 
68-96 
69-91 
70-85 

71-80 
72-74 
73-69 
74-63 
75-58 

76*52 
77*47 
78*41 
79*35 
80*30 

81*24 
82*19 
83*13 
81-08 
85*02 

85-96 
86-91 
87*85 
88*80 
89*74 

90*69 
01*63 
92-58 
93-52 

94-47 



18" 



48-01 
48-95 
49*89 
50-54 
51*78 

52*72 
53*66 
M60 
55*54 
56-48 

57*42 
58*36 
59*30 
60*25 
61*19 

62*13 
6307 
64*01 
64*95 
65*90 

66*84 
67-78 
68*72 
69*66 
70-61 

71*55 
72*49 
73-43 
74-37 
75-31 

76*25 
77*19 
78-13 
79-08 
8002 

80-96 
81*90 
82-84 
83-78 
84*72 

85*66 
86*60 
87-54 
88*49 
89-43 

90*37 
91*31 
92*25 
93*19 

Pi -14 



19" 



47*85 
48-79 
49*72 
50-66 
51-60 

52*54 
53-48 
54-42 
65-35 
56*29 

57-23 
58*17 
59-11 
60-04 
60-98 

61-92 
62-86 
63*80 
64*73 
65*67 

66-61 
67-55 
68-49 
69-42 
70-37 

71*30 
72-24 
7318 
74-11 
75-06 

7600 
76*94 
77*87 
78-81 
79-75 

80-69 
81-63 
82-57 
83*50 
84*44 

85*38 
86*32 
87-25 
88-19 
8913 

90-07 
9100 
91*94 
92*88 
93-82 



20" 



47*68 
48*62 
49-55 
50*49 
51*43 

52*36 
53*29 
54-23 
55-16 
56-09 

57-02 
57-96 
58-90 
59-83 
60-77 

61-73 
62-63 
63-57 
64*o0 
65*44 

66-38 
67-31 
68*26 
69*18 
70*12 

71*05 
71*98 
72-92 
73-85 
71-79 

75*73 
76*66 
77*60 
78*53 
79*47 

80-40 
81*33 
82*27 
83-22 
8414 

85*07 
86*01 
86-95 
87-88 
88 82 

89-75 
90-68 
91-62 
92-55 
93-49 



47*52 
48-45 
49-38 
50*32 
51*25 

52'18 
53*11 
54*04 
64*97 
55 91 

56-84 
57-77 
58-71 
59''64 
60-67 

61-60 
62-43 
63-36 
64-30 
65-23 

66-16 
67*09 
68*03 
68*96 
69*89 

70*82 
71-75 
72-68 
73-61 
74-54 

75-47 
76-40 
77-34 
78*27 
79*20 

80*13 
81*06 
81*99 
82*93 
83*86 

84*79 
85-72 
86*66 
87*59 
88*52 

89*45 
90-38 
91*31 
92*24 
9^^-18 



51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 

6a 

64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 

85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
HO 
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REDUCTION OF THE VOLUME OF GASES TO 

Table for reducing the volumes of gases 



0" 


21* 


22* 


23° 


24' 


25- 


1 

2er 


1 

2r 


i 

28' ; 29' 


or 


1 


0-929 


0*926 


0922 


0-919 


0*916 0-913, 0*910 


0-907 


0*904 


1 


2 


1-857 


1-851 


1*845 


1*839 


1*832 


1-826! 1-820 


1-814 


1*808 


2 


3 


2-786 


2-777 


2*767 


2*758 


2-749 


2-739 


2*730 


2721 


2*712 


3 


4 


3-714 


3-702 


3-690 


3*677 


3*665 


3*652: 3-640 


3-628 


3-616 


4 


5 


4-613 


4*628 


4-612 


4*507 


4581 


4*566 4551 


4*535 


4-620 


6 


6 


5-572 


6-553 


5*534 


6*516 


5*497 


6*479 6461 


6*442 


6*424 


6 


7 


6-500 


6-479 


6-457 


6-435 


6-413 


6*392 6*371 


6-349 6*328 


7 


8 


7-429 


7-404 


7*379 


7-354 


7*330 


7-305 7-281 


7-256 7*232 


8 


9 


8-357 


8-330 


8-302 8-274 


8*216 


8*218 8*191 


8-163 8-136 


9 


10 


9-286 


9-255 


9-224 


9-193 


9162 


9*131 


9101 


9-070 


9*(M0 


10 


11 


10-21 


10*18 


1015 


10-li 


1007 


10*04 


10*01 
IO9J 


9*98 


9*94 


11 


li 


11-14 


11-11 


11*07 


11*03 


10-99 


10*96 


10-88 


10-85 


12 


13 


12-07 


12-03 


11*99 


11-95 


11*91 


11*87 


11-83 


11*79 


11*75 


13 


11 


13-00 


12-96 


12*91 


12-87 


12*83 


12*78 


12*74 


12*70 


12*66 


14 


15 


13^3 


13-88 


13*84 


13-79 


1374 


13*70 


13*66 


13-61 


13*56 


15 


IG 


14*86 


14*81 


1476 


14*71 


14*66 


14*61 


14*66 


14*51 


14*46 


16 


17 


15-79 


15*73 


15*68 


15-63 


15*58 


15-52 


15*47 


15-42 


15*37 


17 


18 


16-71 


16-66 


16-60 


16*55 


16*49 


16*44 


16*38 


16-33 


16*27 


18 


19 


17-64 


17-58 


17-53 


17*47 


17*41 


17*35 


17*29. 


17-23 


17*18 


19 


20 


18-57 


18-51 


18-45 


18*39 


18*32 


18-26 


18-20 


1814 


18*08 


20 


21 


19-50 


19-43 


19*37 


1931 


19*24 


19*17 


1911 


19*05 


18*98 


21 


22 


20-43 


20-36 


20-29 


20*23 20*15 


20 09 


20-02 


19-95 


19-89 


22 


23 


21-36 


21*29 


21*21 


2115 


21*07 


21*00 


20-93 


20*86 


20*79 


23 


24 


22-28 


2i*21 


22*14 


22-07 


21-99 


21*91 


21*84 


2177 


21*70 


24 


25 


23-21 


23*14 


23*06 


22-99 


22*90 


22*83 


22-75 


22-68 


22-60 


25 


26 


24-14 


24*06 


23-98 


23*91 


23*82 


23*74 


23*66 


23*68 


23*60 


26 


27 


25-07 


24*99 


24-90 


24-83 


24*73 


24*65 24-57 


24*49 


24-41 


27 


28 


2600 


25*91 


25-82 


25-74 


25*65 


25*57 


25*48 


25-40 


25-31 


28 


29 


26-93 


26*84 


26-75 


26-67 26-57 


26*48 


26*39 


26-30 


26-22 


29 


30 


27-86 


27*77 


27-67 


27*58 


27*49 


27-39 


27*30 


27-21 


27-12 


30 


31 


28-79 


28*70 


28*59 


28-50 


28*41 


28*30 


28*21 


'28-12 


28*02 


31 


32 


29-72 


29*62 


29-51 


29-42 


29-32 


29*22 


2912 


29-02 


28-93 


32 


:» 


30-65 


30*55 


30-44 


30*34 


30*24 


30-13 


30*03 


29-93 


29-83 


33 


31 


31-57 


31*47 


31-36 


31-26 


31*16 


31*04 


30*94 


30-84 


30-74 


34 


35 


32-50 


32-40 


32-28 


32-18 


32*07 


31*96 


31*85 


31-75 


31-64 


35 


36 


33-43 


33-32 


33*20 


33-10 


32*99 


32*87 


32-76 


32 65 


32 64 


36 


37 


34-36 


:i4-25 


3412 


34-02 


33-90 


33-78 


33-67 


33-56 


33-45 


37 


38 


35-29 35-17 


35-05 


34*93 


34-82 


34*70 


34*58 


34-47 


34*35 


38 


39 


36-22 36*10 


35-97 


35-85 


3574 


35*61 


35*49 


35-37 


35-28 


39 


10 


3714 


37*02 


36-90 


3677 


36*65 


36*62 


36*40 


36 28 


36-16 


40 


41 


38-07 


37*95 


37-82 


37*69 


37*57 


37*43 


3r31 


37*19 


37*06 


41 


42 


39-{i0 


38-87 


38-74 


38-61 


38*48 


38-35 


38*22 


38*09 


37-97 


42 


43 


399.J 


39-80 


39-66 


39-53 1 39-40 


39-26 


3913 


39-00 


38-87 


43 


44 


40-85 


40*72 


40-59 


40-45 , 40-32 


4017 


40-04 


39-91 


3978 


44 


45 


4173 


41*65 


41-51 


41-37 


41-23 


41*09 


40-95 


40*82 


40*68 


45 


46 


4271 


42*57 


42-43 


42*29 


42*15 


42*00 


41-86 


41*72 


41*68 


46 


47 


43-64 


4353 


43-35 


4321 


43-06 


42*91 


42*77 


42-63 


42-49 


47 


48 


44-57 


44-42 


44-27 


44*12 


43-98 


43*83 


43*68 


43-54 


43-39 


48 


49 


45-50 


45-35 


45 19 45-04 i 44-89 


44-74 


44-59 


44*44 


44*30 


49 


Mi 


46-43 


46-28 


46- 12 45-97 ' 4581 


45*66 45-51 1 


45-35 


45*20 


M 
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NORMAL TEMPERATURE AND PRESSURE, 
to a temperature of 0' C.^eontintied. 



or 



51 
52 
63 
51 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
76 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
96 
99 
100 



2V 



22" 



47-36 
48*29 
49*22 
5014 
51-07 

52*00 
52*93 
53-86 
54*79 
65-72 

56*65 
57-58 
58*51 
59*42 
60*36 

61*29 
62-22 
63-15 
64-08 
65-00 

65-93 
66-86 
67*79 
68-61 
69*64 

70-57 
71-50 
72-43 
73-36 
74-29 

75*22 
76*15 
77-08 
78-00 
78-93 

79*86 
80-79 
81-72 
82*65 
83-57 

84-50 
85-43 
86-36 
87-28 
88*21 

89*14 
90-07 
91-00 
91*93 
92-86 



47*20 
48-13 
49*06 
49*98 
50*91 

51*83 
52-76 
53-68 
54-61 
55-53 

56-46 
57-38 
58-31 
59-23 
60*16 

61-08 
62*01 
62-93 
63-86 
64-79 

65-71 
66-64 
67-57 
68*49 
69*42 

70*34 
71-27 
72-19 
73*12 
74*(H 

74*97 
75*89 
76-82 
7774 
78-67 

79-59 
80*52 
81*44 
82*37 
83*30 

84*22 
85-15 
86*08 
87-00 
87-98 

88-85 
89*78 
90*70 
91-63 
92-55 



23" 



47*04 
47*96 
48*89 
49*81 
50*73 

51*63 
62*58 
53-50 
54*42 
55*34 

66*26 
67*19 
58*11 
69*03 
59*95 

60*87 
61*79 
62*72 
63*64 
64-67 

65-49 
66-42 
67-34 
68-26 
69*18 

70*10 
71-03 
71-95 
72-87 
73-79 

74-71 
75-63 
76-56 
77*48 
78*40 

79-32 
80-25 
81*17 
82*09 
83-02 

83-94 
84-86 
85*79 
8671 
87-63 

88-55 
89-48 
90*40 
91*32 
92-24 



24° 



46*89 
47*81 
48*73 
49*65 
50*57 

51*49 
52*41 
53*32 
54*24 
55*16 

56-08 
57-00 
57-92 
58*84 
5976 

60*68 
61*60 
62*51 
63*43 
64*35 

65*27 
66*19 
67*11 
68-03 
68*95 

69*87 
70*79 
71-70 
72-62 
73*64 

74*46 
75-38 
76-30 

77*22 
78-14 

79*06 
79-98 
80*90 
81*82 
82*74 

83-66 
84-58 
85*60 
86*42 
87*34 

88-26 
89-18 
90-09 
91*01 
91-93 



25° 



46*73 
47*64 
48*56 
49*48 
50*39 

51*31 
52*22 
5314 
5406 
54*97 

55*89 
56*80 
57*72 
58*64 
60*55 

60*47 
61*38 
62*30 
63*22 
64*13 

65*05 
65*96 
66-88 
67*80 
6871 

60*63 
70*54 
71-46 
72*38 
73*30 

74-22 
75-13 
76-05 
76-96 
77-88 

78-80 
79-71 
80*63 
81*55 
82-46 

83-38 
84*29 
85-21 
86-13 
87*04 

87-96 
88-87 
89*79 
9071 
91-62 



26° 


27° 


28° 


29° 


46*57 


46-42 


46*26 


46-10 


47-49 


47-33 


47-16 


47*01 


48-40 


48*24 


48*07 


47*91 


49*31 


49*15 


48*98 


48*82 


50-23 


5006 


49*89 


49-72 


51-14 


50*97 


50-79 


50-62 


52-05 


51-88 


51*70 


61-53 


52-97 


52*79 


52*61 


52-43 


53*88 


5370 


53*61 


53-34 


54-79 


54-61 


54*42 


54-24 


55-70 


55-52 


55*33 


55-14 


56-62 


56*43 


56-23 


56-05 


57-53 


67*34 


57-14 


56-95 


58-44 


68*-25 


58*05 


57*86 


69*36 


59*16 


58-96 


58*76 


60*27 


60*07 


59*86 


59*66 


61*18 


60*98 


60*77 


60*57 


62*10 


61-89 


61*68 


61*47 


63*01 


62*80 


62*58 


62-38 


63-92 


63-71 


63*49 


63*28 


64*83 


64-62 
65*53 


64*40 


64-18 


65*75 


65-30 


65*09 


66*66 


66-44 


66-21 


65*99 


67*57 


67*35 


67*12 


66*90 


68*49 


68-26 


68-03 


67*80 


89*40 


69*17 


68-93 


6870 


70*31 


70*08 


69*84 


69-61 


71-22 


70-99 


70-76 


70-51 


72-14 


71-90 


71*65 


71-42 


73-05 


72-81 


72*56 


72-32 


73-96 


73*72 


73*47 


73-22 


74*88 


74*63 


74*37 


74-13 


75*79 


75-54 


75-28 


75-03 


76*70 


76*45 


76-19 


75-94 


77-62 


77*36 


7710 


76-84 


78*53 


78*27 


78-00 


77-74 


79-44 


79*18 


78-91 


78-65 


80*36 


80*09 


79-82 


79-55 


81-27 


81*00 


80-72 


80*46 


82-18 


81-91 


81-63 


81-36 


83-09 


82*82 


82*64 


82-26 


84*01 


83*73 


83-44 


83-17 


84*92 


84*64 


84-35 


84-07 


85*83 


85*55 


85*26 


84-98 


86-75 


86-46 


86-17 


85*88 


87-66 


87*37 


87-07 


86*78 


88*67 


88*28 


87-98 


87*69 


89*48 


89*19 


88-89 


88*59 


90*40 


90*10 


89-79 


89*50 


91-31 


91-01 


90-70 


90*4 J 



51 
52 
53 
64 
55 

66 
67 
68 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 

70- 

71 
72 
73 

74 

75- 

76 
77 
78 
79 
80 

81 
82 
»3 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
96 
99 

100 



D 
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TABLE 2I.--REDUCTION OF VOLUMES OF 

Deduct from the preasnre read off atthe barometer 1 mm. for temperatures 



760 


1 
710 


712 


714 


716 


718 


720 


722 


724 


726 


728 


760 


1 


0*934 


0-937 


0-910 


0*9121 0-91^ 


.1 0-947 


0-950 0-953 


( 0-955 


0-9M 


( 1 


2 


1-868 


1*874 


1*879 


1-8841 1*890' 1-89; 


> 1900l 1-90S 


) 1-911 


1916 


; 2 


3 


2-803 


2-810 


2*818 


2-826; 2-834 


2-842 


• 2-85C 


N 2-858 


t 2*866 


2-871 


3 


4 


3*738 


3747 


3*758 


3-7681 3*779 


3-78S 


3-80C 


H 3'810; 3821 


3-832 


! 4 


6 


4-672 


4-685 


4-697 


4-711 


4-724 


4-736 


4-7501 4*763 


4-777 


4-79C 


» 5 


6 


5-m 


5-621 


5*637 


5-653 


5-669 


5-681 


5*700 s-ne 


5-732 


5747 


6 


7 


6-^0 


6*558 


6*577 


6-595 


6-614 


6*631 


6-6501 6-668 


6-687 


6-705 


7 


8 


7-474 


7*494 


7-516 


7-537 


7*558 


7*578 


7-eM 


7-621 


7-642 


7-663 


8 


9 


8*409 


8*431 


8*456 


8*479! 8*503 


8-526 


8-5501 8-573 


8*598 


8*621 


9 


10 


9-34 


9-37 


9*40 


9*42 


9*45 


9-47 


9-50 


9*53 


955 


9-58 


10 


11 


10-28 


10-31 


10*34 


10*36 


10*39 


10*42 


10-45 


10-48 


10*51 


10-54 


11 


13 


11*21 


11*24 


11*27 


11*30 


11*34 


11-37 


11-40 


11-43 


11-46 


11-50 


12 


12 


12-14 


12-18 


12*21 


12*24 


12*28 


12*31 


12*35 


12-38 


12-41 


12-45 


13 


U 


13-06 


13-12 


13*16 


13*19 


13*23 


13*26 


13*30 


13-34 


13*37 


13-41 


14 


15 


14-02 


14-06 


14*10 


14*13 


14*17 

1 


14*21 


14*25 


14-29 


14-33 


14-37 


15 


16 


14-95 


14-99 


15*03 


15-07 


15*11 1515 


15 20 


15-24 


15 28 


15-33 


16 


17 


15-88 


15*93 


15-96 


16*02 


16-06 16-10 


1615 


16*19 16-23 


16-28 


17 


18 


16-82 


16-87 


16-92 


16*96 


1701 


17t)5 


17-10 


17-15 1719 


17-24 


18 


19 


17-76 


17-81 


17-86 


17-90 


17-95 


18*00 


18-05 


18-10 


18-15 


18-21 


19 


20 


18-68 


18-74 


18-79 


18-84 


18*90 


18*95 


19-00 


1905 


19-11 


1916 


20 


21 


19-62 


19-68 


19-73 


19*78 


19*84 


19-90 


19*95 


20-00 


20-06 


20-12 


21 


22 


20*55 


20-61 


20-67 


20*72 


20-78 


20*84 


20*90 


20-96 


21-01 


21*07 


22 


23 


2119 


21*55 


21-81 


21*66 


21-73 


21*79 


21-85 


21*91 


21-97 


22-o:i 


23 


24 


22-43 


22*49 


22-55 


22-61 


22-68 


22*74 


22*80 


22-86 


22-92 


22-99 


24 


25 


23-35 


23*42 


23-49 


23*55 


23-62 


23-69 


23*75 


23*81 


23-88 


23-95 


25 


26 


24-29 


24*36 


24*43 


24*50 


24-57 


24-64 


21-70 


2477 


24-83 


24-90 


26 


27 


25*23 


25*30 


25-37 


25*44 


25-51 


25*58 


25-65 


2572 


25-79 


25-86 


27 


12S 


2616 


26-23 


26*30 


26*37 


26-45 


26*53 


26-60 


26*67 


26-74 


26 82 


28 


29 


27*10 


27-17 


27-24 


27*31 


27-40 


27*48 


27-55 


27*62 


27*70 


2778 


29 


30 


28-03 


28*10 


28*18 


28*26 


28*34 


28*42 


28-50 


28-58 


28-66 


28-74 


30 


31 


28-97 


29-01 


29-12 


29*20 


29-29 


29 37 


29-45 


29*53 29-62 29*70 


31 


32 


29-90 


29-98 


30*06 30-14 


30-23 


30-32 


30*40 


30-48 30-57 30*66 


32 


33 


30-83 


30*91 


31-00 


31*08 


3117 


31-26 


31-35 


31-43 


31-52 


31-61 


33 


34 


31*77 


31-85 


31*94 


32-03 


32-12 


32-21 


32-30 


32-39 


32-48 


32-57 


34 


35 


32-71 


32-79 


32*88 


32-97 


33*07 


3316 


33*25 


33-34 


33-44 


33*53 


35 


36 


33-64 


33-73 


33-82 


33*91 


34D1 


34*10 


31-20 


31-29 


34-39 


31-49 


36 


37 


34-57 


^-66 


31-76 


31-86 


34-96 


35*05 


35-15 


35-25 


35*35 


35*45 


37 


38 


35-50 


35*60 


35-70 


35*80 


35-90 


36-00 


36-10 


36-20 


36-30 


36-40 


38 


39 


36*44 


36*54 


36-64 


36-74 


36-85 


36-95 


37-05 


37-15 


37-26 


37-37 


39 


40 


37-38 


37-48 


37-58 


37*68 


37*79 


37-89 


38-00 


38-10 


38-21 


38-32 


40 


41 


38*31 


38*41 


38*52 


38-62 


38*74 


38-84 


38-95 


39-05 


39-17 


39-28 


41 


42 


39*23 


39-a'> 


39-46 


39-67 


39*69 


3079 


39-90 


40t)l 


40-12 


40-23 


42 


43 


40*18 


40*29 


40-40 


40*51 


40-62 


40-73 


40*85 


40-96 


41*06 


41-19 


43 


44 


41*11 


41-22 


41-34 


41*44 


41*56 


41*68 


41-80 


41-91 


42-03 


42-16 


44 


45 


42-05 


42-16 


42-28 


42*39 


42*52 


42*63 


42-75 


42-87 


42-99 


4311 


45 


46 


42-98 


43*10 


43-22 


43*34 


43*46 


4358 


43*70 


43-82 


43-91 


44-06 


46 


47 


43-91 


44*03 


4415 


44-27 


44-40 


44*52 


44*65 


44-77 


44-90 


45-03 


47 


48 


44*84 


44-96 


45-09 


45*22 


45-35 


45-47 


45*60 


45 72 


45-85 


45-98 


48 


49 


45-78 


45-91 


46-04 


46-17 


46-30 


46-42 


46*55 


46*67 


46*80 


46-94 


49 


50 


46-72 


46-85 


46-97 


47*11 


47*24 


47-36 


47*50 


47*63 


47-77 


47-90 


50 
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GASES TO A PRESSURE OF 760 MM. 

bet. 0* and 12<^ C, and 2 mm. bet. 13° and 19* C, 3 mm. bet. 20" and 25*' C. 



700 



51 
52 
53 
54 
56 

56 
57 
56 
59 
€0 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 

97 

98 

99 

100 



710 



47-65 
48*58 
49*52 
50*45 
51-38 

52*32 
53*25 
5419 
55*13 
56*07 

57-00 
57*93 
58*87 
59*80 
60-74 

61*67 
62*60 
63*54 
64*47 
65*40 

66*34 
67*27 
68*20 
69-14 
70*07 

71*01 
71*94 
72*87 
73*80 
74-74 

75-67 
76-60 
77*54 
78*47 
79*41 

80-34 
81*28 
82*21 
83*15 
84*09 

85*02 
85*95 
86*89 
87*82 
88*76 

89*69 
90*62 
91-56 
92-49 
93*42 



712 



47*79 
48-72 
49*66 
50*59 
51*53 

52*47 
53-41 
54*34 
55*28 
56*22 

57-15 
58*09 
59-03 
59*96 
60-90 

61*84 
62*77 
63*71 
64*65 
65*58 

66*52 
67*46 
68-39 
69*33 
70-27 

71*21 
72-14 
73-07 
74-01 
74-94 

75*88 
76*82 
77-76 
78*69 
79-63 

80-57 
81-50 
82*44 
83-38 
84-31 

85-25 
86-19 
87*12 
88-06 
89-01 

89*94 
90-87 
91*82 
92-75 
93-68 



714 



47*92 
48*85 
49*79 
60-73 
51*67 

52*61 
53-55 
54*49 
55*43 
56*37 

57*31 
58*25 
6919 
60*13 
61*07 

62-01 
62-95 
63-89 
64*83 
65*77 

66-71 
67-65 
68*58 
69*53 
70*47 

71-41 
72-34 
73-28 
74*22 
75-16 

7610 
77-04 
77*98 
78*91 
79*86 

80-80 
8174 
82*68 
83-62 
84*56 

85-50 
86-44 
87-38 
88-32 
89*26 

90-20 
91*13 
92-07 
93*01 
93-95 



716 



48-05 
48*99 
49*93 
50-87 
5182 

52-76 
53-70 
54*64 
55*59 
56*53 

57-47 
58*41 
50*35 
60*30 
61-24 

62-18 
63-12 
64-06 
65-01 
65-95 

66-89 
67*83 
68*77 
69-72 
70*66 

71-60 
72-64 
73*48 
74-42 
75*37 

76-31 
77*26 
78*19 
79-13 
80-08 

81-02 
81*96 
82*90 
83*85 
84*79 

85*73 
86*68 
87*62 
88*56 
89*50 

90*45 
91-38 
92*33 
93-26 
94*21 



718 



4818 
49*13 
50*07 
61*01 
51*96 

52-91 
53*85 
54*79 
55*74 
56-69 

57-63 
58*58 
59*62 
60*47 
61*41 

62*35 
63*30 
64*24 
65*19 
66*14 

67*08 
68-02 
68-97 
69-92 
70*86 

71*80 
72*75 
73-69 
74-63 
75-58 

76*53 
77-47 
78-41 
79-35 
80*31 

81*25 
82*19 
83*13 
^*08 
85-03 

85-98 
86-92 
87*87 
88-81 
89*75 



720 



722 



48*31 
49*26 
50*21 
51-15 
52-10 

53*05 
54*00 
54-01 
55*89 
56*84 

57*79 
58-74 
59-68 
60*63 
61-58 

62-52 
63-47 
64-42 
65-37 
66*32 

67-26 
68-21 
69-16 
70-11 
71-05 

7200 
72-95 
73*89 
74-84 
75-78 

76-74 
77-68 
78*63 
79-57 
80-53 

81-47 
82-42 
83-36 
84-31 
85-26 

86*21 
87-16 
8811 
89-05 
90*00 



90*70 
91-64 
92-59 
93*53 
94*47 



80*95 
91*89 
92*84 
93*79 
94*74 



48*45 
49*40 
50*35 
51*30 
52-25 

53-20 
54*15 
55*10 
56*06 
67*00 

57*95 
58*90 
59*85 
60-80 
61*75 

62*70 
63*65 
64-60 
65-55 
66*50 

67-45 
68-40 
69*35 
70*30 
71-25 

72-20 
73-15 
74*10 
7506 
76*00 

76*95 
77*90 
78*85 
79*80 
80-75 

81-70 
82-65 
83-60 
84*56 
85-60 

86-45 
87-40 
88*35 
89-30 
90*25 

91-20 
92*16 
93-10 
94*05 
9500 



724 



48*69 
49*54 
50*48 
51*44 
52-39 

53*35 
54*30 
5o*25 
56*21 
6716 

6811 
59*06 
60*01 
60*97 
61-92 

62-87 
63*82 
64*78 
6673 
66*68 

67-63 
68*69 
69*54 
70*49 
71*44 

72-40 
73-35 
74-30 
76-25 
76*21 

77-16 
78*11 
79*07 
80*02 
80*97 

81-92 
82-87 
83-83 
84*78 
85*73 

86*69 
87*64 
88*69 
89-^ 
90*50 



91-45 
92-40 
93-35 
94*31 
95*26 



726 



48*73 
49*68 
50-64 
61-59 
52*64 

53-50 
54*45 
55*41 
66*37 
57-32 

68-27 
59-23 
60*18 
61*14 
62*09 

63*05 
64*00 
64*96 
65*91 
66*87 

67*82 
68*78 
69*73 
70*69 
71*64 

72-60 
73-55 
74*51 
75*46 
76*42 

77-37 
78-33 
79*28 
80*24 
81-19 

82-15 
83-10 
84*06 
86*02 
85*98 

86-93 
87-89 
88*84 
89*80 
90*75 



91-70 
92-66 
93*62 
94*57 
95*53 



728 



48-86 
49*82 
50*78 
51*73 
52*69 

53-65 
54-60 
55*56 
56*52 
57-47 



68-43 
50*39 
60*35 
61*30 
62*26 

63-22 
64*18 
65-13 
66-09 
67-05 

68*01 
68-97 
69-92 
70-88 
71-84 

72*80 
73-75 
74-71 
75-67 
76-63 

77*58 
78*54 
79*60 
80*46 
81*41 

82*37 
83-33 
84*29 
86*26 
86-21 

87*17 
8813 
89*08 
90-04 
91*00 



91*95 
92-91 
93*87 
94*83 
9579 



760 



51 
52 
53 
54 
56 

56 
57 
58 
69 
60 

61 
62 
&3 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
96 



96 
97 
98 
99 
100 



D2 
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REDUCTION OF VOLUMES OF GASES 

Deduct from the pressure read off at the barometer 1 mm. for temperatures between 



760 


730 


732 


734 


736 


738 


740 


742 


744 


746 


748 


760 


1 


0*961 


0-963 


0-966 


0-968 


0-971 


0-974 


0*976 


0-979 


0-982 


0-984 


1 


2 


1-921 


1-926 


1-932 


1-937 


1-942 


1-947 


1-953 


1-958 


1-963 


1-968 2 


3 


2-882 


2-889 


2-898 


2-905 


2-913 


2-921 


2-929 


2-937 


2-945 


2-953 3 


4 


3-842 


3-852 


3-864 


3-874 


3-884 


3-895 


3-905 


3-916 


3-9:?6 


3-937 4 


5 


4-803 


4-816 


4-830 


4-842 


4-855 


4-868 


4-882 


4-895 


4-908 


4-921 5 


6 


5-763 


5-779 


5-796 


5-810 


5-826 


5-842 


5-858 


6-874 


5-890 


5-905 6 


7 


6-724 


6-742 


6-762 


6-779 


6-797 


6-816 


6-834 


6-853 


6-871 


6*889^ 7 


8 


7-684 


7-705 


7-728 


7-747 


7-768 


7-790 


7-810 


7-832 


7-853 


7-874! 8 


9 


8-645 


8-668 


8-693 


8-716 


8739 


8-763 


8-787 


8-811 


8-834 


8-858 9 


10 


9-61 


9-63 


9-66 


9-68 


9-71 


9-74 


9-76 


9-79 


9-82 


9-84 10 


11 


10-57 


10-59 


10-62 


10-65 


10-68 


1071 


10-74 


10-77 


10-80 


10-82 ! 11 


12 


11-53 


11-56 


11-59 


11-62 


11-65 


11-68 


11-71 


11-75 


11-78 


11-81 12 


13 


12-49 


12-52 


12-55 


12-59 


12-62 


12-66 


1260 


12-73 


12-76 


12-79 13 


U 


13-45 


13-48 


13-52 


13-56 


13-59 


13-63 


13-66 


1370 


13-74 


13*78 ' 14 


15 


14-41 


14-44 


14-48 


14-52 


14-56 


14-60 


14-64 


14-69 


14-73 


14-77 15 


16 


15^37 


15-41 


15-45 


15-49 


15-53 


15-58 


15-62 


15-67 


15-71 


15-75 : 16 


17 


16-33 


16-37 


16-41 


16-46 


16-50 


16-55 


16-60 


16-65 


16*69 


16-73 17 


18 


17-29 


17-33 


17-38 


17-43 


17-47 


17-52 


17-57 


17-62 


17*67 


17-72 18 


19 


18-25 


18-29 


18-35 


18-40 


18-45 


18-50 


18-55 


18-60 


18*65 


18-70 


19 


20 


19-21 


19-26 


19-32 


19-37 


19-42 


19-47 


19-53 


19-58 


19-63 


19-68 


20 


21 


20-17 


20-22 


20-28 


20-34 


20-39 


20-44 


20-50 


20-56 


20-61 


20-66 


21 


22 


21-13 


21-19 


21-25 21-31 


21-36 


21-42 


21-48 


21-54 


21-59 


21-65 


22 


23 


22-09 


22-15 


22-21 


22-27 


22-33 


22-39 


22-45 


22-51 


22-57 


22-64 


23 


24 


23-05 


23-11 


23-18 


23-24 


23-30 


23-36 


23-43 


23-50 


23-56 


23-63 


24 


25 


24-01 


24-07 


24-14 


24-21 


24-27 


24-34 


24-41 


24-48 


24-54 


24-61 


25 


26 


24-97 


25-04 


25*11 


25-18 


25-24 


25-31 


25-38 


25*45 


25-52 


25-59 


26 


27 


25*93 


26-00 


26*07 


26-14 


26-21 


26-28 


26-36 


26-43 


26-50 


26-58 27 


28 


26-89 


26-96 


27-04 


27-12 


27-18 


27-26 


27-33 


27-41 


27-48 27-56 28 


29 


27-85 


27-92 


28*00 


28-08 


28-15 


28-23 


28-31 


28-39 


28-47 28*55 29 


30 


28-82 


28-89 


28-97 


29-05 


29-13 


29-21 


29-29 


29-37 


29*45 


29-53 30 


31 


29-78 


29*86 


29*94 


30-02 


30-10 


30-18 


30-26 


30-35 


30*43 


30-51 


31 


32 


30-74 


30-82 


30-91 


30-99 


31-07 


31-15 


31-24 


31-33 


31-41 


Sl-50 


32 


33 


3170 


31-78 


31-87 


31-96 


32-04 


32-13 


32-21 


32-30 


32*39 


32-48 


33 


3i 


32-66 


32-75 


32*84 


32-93 


33 01 


3310 


33-19 


33*28 


33*37 


33*46 : 34 


35 


33-62 


33-71 


33*80 1 33-89 

1 


33-96 


34-07 


34-17 


34-27 


34*36 


34*45 35 


36 


34*58 


34-67 


34*77 34*86 


34-95 


35-05 


35-15 


35*25 


35-34 


35-43 36 


87 


35-54 


35-63 


35*73 35*83 


35-92 


36-02 


36-12 


36-22 


36-32 


36-42 37 


38 


36-50 


36-60 


36-70 ; 36-80 


:«-90 


37-00 


37-10 


37-20 


37-30 


37-40 38 


39 


37-47 


37-57 


37-67 


37-77 


37-87 


37-97 


38*07 


38-18 


38-28 


38-39 t 39 


40 


38-42 


38-52 


38-64 


3874 


38-84 


38-95 


39-05 


39-16 


39-26 


39-37 40 


41 


39-38 


39-48 


39-60 


39-71 


39-81 


39-92 


40-02 


4014 


40-24 


40-36 41 


42 


40-34 


40-44 


40-56 


40-68 


40*78 


40-89 


41-00 


41-12 


41-22 


41*34 42 


43 


41*30 


41-41 


41-53 


41-64 


41-75 


41-86 


41-97 


42*10 


42-20 


42-32 


43 


44 


42-27 


42-38 


42-50 


42-62 


42-73 


42*84 


42*95 


43-07 


43-18 


43-30 


44 


45 


43-22 


43-34 


43*46 


43-58 


43-69 


43-81 


43-93 


44-06 


44*17 


44-29 


45 


46 


44*18 


44-30 


44-42 


44-M 


44-66 


44-78 


44-90 


45-03 


45-15 


45*27 


46 


47 


4515 


45-26 


45-39 


45-52 


45-64 


45-76 


45-88 


46-01 


46-13 


46-26 


47 


48 


46*10 


46-23 


46*36 


46-49 


46-61 


46*73 


46*85 


46-99 


47-12 


47-24 


48 


49 


47-06 


47-19 


47*32 


47-44 


47-57 


47-70 


47*83 


47-97 


48*10 


48-83 


49 


50 


48-03 


48-16 


48-30 48*42 


48-55 


48*68 48-82 


48-95 


49-08 


49-21 


50 
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TO A PRESSURE OF 760 MM. 

0° and 129 Ct 2 mm. between 13° and 19*^0., 3 mm. between 20° and 25** C.—CotUinued. 



760 


730 


732 


734 


736 


738 


740 


742 


744 


746 


748 


760 


51 


48*99 


49*12 


49-26 


49-39 


49*52 


49-65 


49*79 


49-93 


50-06 


50-19 


51 


52 


49-96 


5006 


50-22 


50-36 


50-49 


50*63 


50*77 


50-91 


51-04 


51-18 


52 


53 


50-91 


51-05 


51-19 


51-33 


51-46 


51*6C 


51*75 


51-89 


5202 


52-16 


53 


51 


51-87 


52*01 


52*16 


52-30 


52*44 


52-58 


52*72 


52-87 


53-01 


53-15 


54 


55 


52-83 


52*98 


53-13 


53*27 


53-41 


53-55 


63-7C 


53*85 


53-99 


5414 


55 


56 


53-79 


53*94 


54-09 


54*23 


54-37 


51-52 


54*68 


54-83 


54*97 


55-11 


56 


57 


54-75 


54-90 


5505 


55-20 


55-35 


55*50 


55*65 


55-80 


55-95 


5610 


57 


58 


55-71 


55-86 


5602 


56*17 


56-32 


56*47 


56*63 


56*78 


56-93 


57-08 


58 


59 


56-67 


56-83 


56-99 


67*14 


57-29 


57-44 


57*60 


57*76 


57*92 


58*07 


59 


60 


57-63 


67-79 


57-95 


58*10 


58-26 


58-42 


58*58 


58*74 


58*90 


59-05 


60 


61 


58-59 


58-75 


58*91 


59*07 


59-23 


59-39 


59*56 


59*72 


59-88 


60-04 


61 


62 


59-55 


59*72 


59-88 


60-04 


60-20 


60-36 


60*53 


60*70 


60-86 


61-02 


62 


63 


60*51 


60-68 


60-85 


61-01 


61*17 


61-34 


61-51 


61-68 


61-84 


62-00 


6.S 


61 


61-47 


61-64 


61-81 


61*98 


62*15 


62*32 


62-49 


62-66 


62-82 


62*99 


64 


65 


62*43 


62-60 


62-77 


62-94 


63*11 


63*28 


63-46 


63*64 


63-81 


63-98 


65 


66 


63-39 


63-57 


63-74 


63-91 


61*08 


64*26 


64*44 


64*62 


64*79 


64*96 


66 


67 


64-35 


64-53 


64-71 


64-88 


65-05 


65*23 


65*41 


65*59 


65-77 


65*94 


67 


68 


65*31 


65-50 


65-68 


65-85 


66-02 


66-20 


66-38 


66*56 


66-74 


66-92 


68 


69 


66-27 


66-45 


66-64 


66-82 


67-00 


67*18 


67-37 


67-55 


67 73 


67-91 


69 


70 


67-24 


67-42 


67-61 


67-79 


07-97 


68-16 


68-34 


68-53 


68-71 


68-89 


70 


71 


68-20 


68-39 


68-58 


68-76 


68 94 


69*13 


69-32 


69-51 


69-69 


69-88 


71 


72 


69-16 


69-35* 


69-54 


69-73 


69-92 


70*11 


70-30 


70-49 


70-68 


70-86 


72 


73 


70-12 


70-31 


70-51 


70-69 


70-88 


71*08 


71*27 


71-47 


71-66 


71-85 


73 


74 


71-08 


71-28 


71*48 


71*66 


71-85 


72*05 


72*25 


72-45 


72-64 


72-83 


74 


75 


72-04 


72-24 


72-44 


72-63 


72-82 


73-02 


73*22 


73*42 


73-62 


73-82 


75 


76 


7300 


73-20 


73*40 


73*60 


73-80 


74-00 


74*20 


74*40 


74-60 


74-80 


76 


77 


73-96 


74*17 


74-37 


74-57 


74-77 


74-97 


7518 


75*39 


75-59 


75-79 


77 


78 


74-92 


75*12 


75-33 


75*53 


75-74 


75-95 


76-16 


76-37 


76-57 


76-77 


78 


79 


75*88 


76-09 


76-3C 


76-50 


76-71 


76-92 


77*13 


77-34 


77-55 


77-75 


79 


80 


76-84 


77-05 


77-27 


77-47 


77-68 


77-90 


78*10 


78-32 


78-53 


78*74 


80 


81 


77*80 


78-02 


78-23 


78-44 


78-65 


78-87 


79*08 


79-30 


79-51 


79-72 


81 


82 


78-76 


78-98 


79-20 


79-41 


79-62 


79-84 


80-06 


80-28 


80-50 


80-71 


82 


83 


79*72 


79-94 


80-16 


80-38 


80-60 


80-82 


81-04 


81-26 


81-48 


81-69 


83 


84 


80*68 


80-90 


81-12 


81*34 


81*56 


81-79 


8201 


82-24 


82*46 


82-68 


84 


85 


81-64 


81-87 


8210 


82-31 


82*53 


82-76 


82-99 


83-22 


83-44 


83-66 


85 


86 


82*60 


82-83 


83*06 


83-28 


83-50 


83-73 


83-97 


84*20 


84-42 


84-64 


86 


87 


83-56 


83-79 


84-02 


81-25 


84-48 


84*71 


84-94 


85*17 


85-40 


85-62 


87 


88 


84-52 


84-76 


8500 


85-22 


85-45 


85-68 


85-92 


86-15 


86-38 


86*61 


88 


89 


85*48 


85-72 


85-96 


86-19 


86-42 


86-66 


86-89 


87-13 


87-36 


87*59 


89 


90 


86*45 


86-68 


86-93 


87-16 


87-39 


87-63 


87-87 


88-11 


88-34 


88*58 


90 


91 


87*41 


87-65 


87*89 


88*12 


88-36 


88-61 


88*85 


89-09 


89-33 


89*56 


91 


92 


88*37 


88-61 


88-86 


89*09 


89-33 


89-58 


89*82 


90-07 


90-31 


90-55 


92 


93 


89-33 


89-57 


89-82 


90-06 


90-30 


90-55 


90-80 


91-05 


91-29 


91-53 


93 


94 


90-29 


90-54 


90-79 


91-03 


91-27 


91-53 


91-78 


92-03 


92-27 


92-51 


94 


95 


91-25 


91-50 


91-75 


92-00 


92-25 


92-50 


92-75 


93-00 


93-25 


93-50 


95 


96 


92*21 


92*46 


92*72 


92-97 


93*22 


93*47 


93*73 


93-98 


94*23 


94*48 


96 


97 


93-17 


93*43 


93*68 


93*93 


94*19 


94*45 


94*71 


94-96 


95*22 


95*47 


97 


96 


94*13 


94*39 


94*65 


94-90 


95-16 


95*42 


95-68 


95-94 


96-20 


96*15 


98 


99 


95-09 


95*35 


95-61 


95-87 


1613 


96-39 


96-66 


96 92 


97-18 


97-43 


99 


100 


96-05 96-32 1 


96-58 


96-84 97-11 1 97-37 1 


97-03 


97-89 98-16 1 


98-42 


100 
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REDUCTION OF VOLUMES OF GASES 

Deduct from the premure read off at the barometer 1 mm. for temperatures between 



700 


750 


752 


754 


756 


758 


762 


764 


766 


768 


770 


760 


1 


0*987 


0-989 0-992 


0-995 


0-997 


1*003 


1-005 


1*006 


1*011 


i-013 1 


2 


1*974 


1*979 1*984 


1*989 


1-995 


2*005 


, 2*011 


2*016 


2*021 


2-026 2 


3 


2*960 


2*968 2*976 


2*984 


2-99i 


3007 


3*016 


3*024 


3-032 


3-039 3 


4 


3*^7 


3*958 3*968 


3*979 


3-990 


4-010 


4*021 


4*032 


4-042 


4*052 4 


5 


4*934 


4-947 


4-960 


4-974 


4-987 


6*013 


5*026 


5-040 


5-053 


5-066 5 


6 


5-921 


6-937 5-952 


5-968 


6-964 
6-982 


6*016 


6*032 


6-047 


6-063 


6*079 6 


7 


6-906 


6*926 6-944 


6-963 


7*018 


7*037 


7-055 


7-074 


7*092 7 


8 


7*894 


7*916 7-936 


7-958 


7-979 


8*021 


8*042 


8-063 


8-084 


8*106 8 


9 


8*881 


8*905 8-929 


8-952 


8-977 


9*023 


9*048 


9-071 


9-095 


9*119 9 


10 


9-87 


9*89 9*92 


9-95 


9-97 


10*03 


10*05 


1006 


1011 


10*13 10 


11 


10-85 


10-88 ' 10-91 


10-94 


10-97 


11*03 


11-06 


11-09 


11*12 


11*14 11 


12 


11*84 


11*87 11*90 


11-94 


11-97 


12*04 


12-07 


12-10 


12*13 


12-16 12 


13 


12-83 


12*86 12*89 


12-93 


12-96 


13*04 


13*07 


13-10 


13*14 


13-17 13 


14 


13-82 


13*a> 


13-88 


13-92 


13-96 


14*04 


14-07 


14-11 


14-15 


14*17 14 


15 


14*81 


14*84 


14-87 


14-92 


14-96 


15*04 


15-08 


15-12 


15-16 


15*19 15 


16 


15-79 


15-83 


15-87 


15-91 


15-95 


16*05 


16-09 


16-13 


16-17 


16*21 . 16 


17 


16-78 


16-82 


16-86 


16-91 


16-95 


17*05 


17-09 


17-14 


17-18 


17-22 17 


18 


17-77 


17*81 


17-85 


17-90 


17-95 


18*05 


18-10 


18-15 


1819 


18*23 18 


19 


18-75 


18-80 


18-85 


18-90 


18*95 


19*05 


19-10 


19-15 


19-20 


19*25 19 


20 


19*74 


19-79 


19-84 


19-89 


19-95 


20*05 


20-11 


20-16 


20-21 


20*26 20 


21 


20-72 


20-77 


20*83 


20*89 


20-94 


21-05 


21*11 


21-17 


21-22 


21*27 21 


22 


21-71 


21-76 


21-82 


21*88 


21-94 


22-06 


22*12 


22-18 


22-23 


22-28 22 


23 


22-70 


22-75 


22-81 


22*88 


22-94 


23-06 


23*12 


23-18 


23-24 


23*30 23 


24 


23-69 


23-74 


23-80 


23*87 


23-93 


24-06 


24*13 


24-19 


24-25 


24-31 24 


25 


24-67 


24-73 


24-80 


24-87 


24-93 


25-06 


25-13 


26-20 


25-26 


25-32 25 


26 


25-66 


25-72 


25-79 


25-86 


25-93 


26-06 


26-14 


26-21 


26-27 


26-34 2ft 


27 


26-65 


26-71 


26-78 


26-86 


26-93 


27-07 


27-15 


27-22 


27-28 


27-35 27 


28 


27-63 


27-70 


27-77 


27-85 


27-92 


28-07 


28-16 


28-23 


28*29 


28-36 2& 


29 


28-62 


28-69 


28-76 


28*84 


28-92 


29*07 


29-16 


29*24 


29*30 


29*37 29 


30 


29-60 


29-68 


29-76 


29-84 


29-92 


30*07 


30-16 


30*24 


30*32 


30*39 30 


31 


30-59 


30-67 


30-76 


30-84 


30-92 


31*08 


31-17 


31*25 


31*33 


31*41 31 


32 


31-58 


31-66 


31-74 


31-83 


31-92 


32*06 


32-17 


32-26 


32-34 


32-42 32 


33 


32-56 


32-65 


32-73 


32-82 


32-91 


33*08 


33-18 


33*27 


33-35 


33-43 33 


34 


33-55 


33*64 


33*73 


33-82 


33-91 


3409 


34-18 


34*28 


34-36 


34-45 34 


35 


34-54 


34-63 


34*72 


34*ti2 


34-91 


35-09 


35-19 


35*28 


35-37 


35-46 36 


36 


35-52 


35*62 


35*71 


35*81 


35-91 


36*09 


36*19 


36*29 


36*38 


36-47 36 


37 


36-51 


36-61 


36-71 


36*81 


36-90 


37*J9 


37*20 


37*30 


37*39 


37-49 37 


38 


37-50 


37-60 


37*70 


37*80 


37-90 


38*10 


38*20 


38*30 


38*40 


38-50 38 


39 


38-49 


38-50 


38*69 


38*80 


38-90 


39*10 


39*21 


39-31 


39*41 


39-51 39 


40 


39-47 


39-58 


39-68 


.39*79 


39*90 


40*10 


40*21 


40-32 


40-42 


40*52 40 


41 


40-46 


40-56 


40-67 


40*79 


40-89 


41*11 


41*22 


41*33 


41-43 


41-64 41 


42 


41-44 


41-55 


41-66 


41*78 


41-89 


42-11 


42*22 


42*34 


42*44 


42-55 43 


43 


42-43 


42-54 


42*66 


42*78 


42-89 


43-11 


43-23 


43-35 


43-45 


43-56 43 


44 


43*42 


43-53 


43*65 


43*77 


43*89 


44*12 


44-23 


44*35 


44-46 


44-58 44 


45 


44-40 


44-52 


44-64 


4476 


44-88 


4512 


45-24 


45-36 


45-47 


45-59 ' 46 


46 


45-39 


45-51 


45-63 


45*76 


45*88 


46*12 


46-24 


46-36 


46*48 


46-60 46 


47 ; 46-38 


46-50 


46-63 


4676 


46*88 


47*12 


47-25 


47-38 


47-49 


47*61 47 


48 47*36 ; 47*49 


47-62 


47-75 


47*87 


48*13 


48*25 


48*39 


48-61 


48-63 48 


49 48*35 ! 48*48 


48-61 


48-74 


48*87 


49*13 


49*26 


49-40 


49-52 


49-64 49 


fiO 49*34 49*47 


49-60 


49-74 : 49-87 


60-13 


50-26 I 50-40 1 50-58 


50-66 50 
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TO A PRESSURE OF 760 MM. 

Qe and 12? C, 2 mm. between 13o and 19° C, 3 mm. betwden 20^ and 25? 0.—Contin%ud. 



780 



61 
52 
63 
61 
65 

56 
57 
68 
69 
60 

61 
62 
63 
6i 
65 

66 
67 
68 
69 
70 

71 
72 
78 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 



87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
96 
99 
100 



750 



50*33 
51-32 
52*30 
53*29 
54*28 

55*26 
56*25 
57*24 
58*22 
59*21 

60*20 
61-19 
62*17 
6316 
64*15 

65*13 
66*12 
67*10 
68*09 
6908 

70-07 
71-05 
72*04 
73*03 
74*01 

75-00 
75-99 
76-97 
77*96 
78-94 

79*93 
80*92 
81-91 
82-90 
83-88 

84-87 
85*83 
86-84 
87*82 
88*81 

89*80 
90*79 
91*77 
92*76 
93*74 

94*73 
95*72 
96*70 
97*69 
96*68 



752 



50*46 
51*45 
52*44 
53*43 
54*42 

55*41 
56*40 
57*39 
58*38 
50*37 

6036 
61*35 
62*34 
63*33 
64*32 

65*31 
66*30 
67-29 
68-28 
69*26 

70*25 
71-24 
72*23 
73*22 
74*21 

75*20 
76-19 
77*18 
78*17 
79*16 

80*15 
81*14 
82*13 
8312 
84*11 

8510 
86*06 
87*07 
88*06 
89*05 

90-04 
91*03 
92*02 
93*01 
9400 

94*96 
95-97 
96*96 
97*95 
98*95 



754 



50*60 
5159 
52*58 
53*57 
54*56 

55*56 
56-55 
57-54 
58-53 
50*52 

60-52 
61-51 
62-50 
63*49 
64-49 

63-48 
66*47 
67*46 
68*45 
69*44 

70*43 
71*43 
72*42 
73*41 
74*40 

75*40 
76*39 
77*38 
78*37 
79*36 

80*35 
81*35 
82*34 
83*34 
84*33 

85*32 
86*31 
87*30 
88*29 
89*29 

90*28 
91*27 
92*28 
93*26 
M25 

95*24 
96*23 

97*22 
98*21 
99*21 



55*71 
56*70 
57*69 
58*69 
59*68 

60*68 
61*67 
62*67 
63*66 
64*66 

65*65 
66*64 
67*64 
68-63 
69-63 

70-62 
71-62 
7261 
73*61 
74*60 

75*60 
76*59 
77*58 
78*58 
79*58 

80*57 
81*56 
82-56 
83*56 
84*55 

85*55 
86*54 
87*54 
88*53 
89*52 

90*52 
91*51 
92*51 
93*50 
94*50 

95*49 
96*49 
97*48 
98*48 
99*47 



756 


758 


60*74 


50*87 


51*73 


51*87 


62*73 


52*87 


53*72 


53*86 


54*71 


54*86 



762 



55*86 
56*85 
57*85 
58*85 
59-84 

60-84 
61*84 
62*83 
63*83 
64*83 

65*82 
66-82 
67*82 
68 82 
69*82 

70*81 
71*81 
72*81 
73*80 
74*80 

75*80 
76*79 
77*79 
78*79 
79*79 

80*79 
81*78 
82*78 
83*78 
84*78 

85*78 
86*77 
87*77 
88*77 
89*77 

90*76 
91*76 
92*76 
93*73 
M75 

95*75 
96-75 
97*74 
98*74 
99*74 I 



51*14 
52*14 
53*U 
54*14 
55*15 

56*15 
5715 
58*15 
59*16 
60*16 

61*16 
62*16 
63*17 
64*17 
6517 

6617 
67*18 
68*18 
69*18 
70*18 

71*19 
7219 
73*19 
7419 
75*20 

76*20 
77-20 
78*20 
79*21 
80*21 

81*21 
82*21 
83-22 
84*22 
85*22 

86*22 
87*23 
88*23 
89-23 
90*23 

91*24 
92*24 
93*24 
94*24 
95*25 



96*25 
97*25 
96*25 
99*26 
100*26 



764 



51*27 
52-28 
53*28 
54*28 
55*29 

56*29 
57*30 
58*30 
59*31 
60*32 

61*32 
62*33 
63*33 
64*34 
65*34 

66*35 
67*35 
68*36 
69*36 
70*37 

71*37 
72*38 
73*38 
74*39 
75-39 

76*40 
77-40 
78*41 
79*41 
80*42 

81*42 
82*43 
83*44 
84*44 
85*45 

86*46 
87*46 
88*47 
89*47 
90*48 

91*48 
92*49 
93*49 
94*49 
95*50 



96*51 
97*51 
98*52 
99*52 
100-53 



766 



51*41 
52-42 
53-42 
54-43 
55*44 

56*45 
57 45 
58*46 
59*47 
60*47 

61*48 
62*49 
63-50 
64*51 
65*51 

66*52 
67-53 
68*54 
69*54 
70*55 

71*56 
72*57 
73*57 
74*68 
75*59 

76-60 
77*60 
78*61 
79*62 
80*63 

81*64 
82*65 
83*66 
64-66 
85-67 

86*67 
87*68 
88-69 
89*70 
90-71 

91-72 
92-73 
93*74 
94*74 
95-75 



768 



96-76 
97-77 
98-77 
99*78 
100-79 



51*54 
52*55 
53*56 
54*57 
55*58 

56-59 
57*60 
58*61 
59-62 
60*63 

61*64 
62*65 
63*67 
64-68 
65-69 

66-70 
6771 
68-72 
69-73 
70-74 

71*75 
72-76 
7377 
74-78 
75-79 

76*80 
77*81 
78-82 
79-83 
80-84 

81*85 
82 87 
83-88 
84-89 
85-90 

86*91 
87-92 
88*93 
89*94 
90*95 

91-96 
92-97 
93*98 
94*99 
96*00 



97*01 

98*02 

99-03 

100-04 

101-05 



770 



51*67 
52*68 
53*70 
54*72 
55*73 

56*74 
57*76 
58*77 
59*78 
60*79 

61*81 
62-82 
63-84 
64-85 
65*86 

66-88 
67-89 
68-90 
69*91 
70*92 

71-94 
72-95 
73*97 
74-98 
75*99 

77-01 
78-02 
7903 
80*04 
8106 

8207 
8309 
84-10 
85-11 
86-13 

87-14 
88-15 
89-17 
9018 
91-19 

92-21 
93-22 
94-23 
95-24 
96-26 



97-27 

98*29 

99*30 

100*31 

101*32 



760 



51 
52 
53 
34 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 

72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 



96 

97 

98 

99 

100 
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TABLE 2IB.~FACTORS FOR REDUCING A GIVEN 
VOLUME OF GAS TO NORMAL TEMPERATURE AND 
PRESSURE. 











barometric pressure. 


h/AVf «aaA% 


». —9 mm 


■ iiyiK^g 


Centigrade. 


0-0 


1-1 


2-2 


3-3 


4-4 


6-6 


6-7 


7-8 


8-9 


Fahrenheit 


32- 


34" 


36" 


38" 


40" 


42" 


44" 


46" 


48" 




Milli- 




















In. 


metre. 




















27-5 


698*5 


•9191 


•9154 


•9116 


•9079 


•9043 


•9007 


•8972 


•8936 


•8899 


27-6 


701-0 


•9224 


•9188 


•9149 


•9112 


•9076 


•9039 


•9005 


•8969 


•8932 


27-7 


703-6 


•9258 


•9221 


•9183 


•9145 


•9109 


•9072 


•9037 


•9001 


•8964 


27-8 


706-1 


•9291 


•9254 


-9215 


■9179 


•9142 


•9105 


•9070 


•9034 


•8996 


27-9 


706-6 


•9325 


-9288 


•9249 


•9212 


•9174 


•9138 


•9102 


•9067 


•9029 


28-0 


711-2 


•9358 


•9321 


•9282 


•9244 


•9206 


•9170 


•9135 


•9099 


•9061 


28-1 


713-7 


-9391 


•9354 


•9315 


•9278 


•9241 


•9203 


•9167 


•9131 


•9093 


28-2 


716-3 


•9425 


-9387 


•9348 


•9310 


•9273 


•9236 


•9200 


•9164 


•9125 


28*3 


718-8 


-9i58 


•9121 


-9382 


-9344 


•9306 


•9269 


•9233 


•9197 


•9158 


28*^ 


721-3 


-9491 


•9154 


-9415 


•9377 


•9339 


•9301 


•9265 


•9229 


•9190 


28-5 


723-9 


-9525 


-9487 


•9448 


•9U0 


•9372 


•9334 


-9298 


•9262 


•9223 


28-6 


726-4 


-9558 


•9520 


•9481 


•9443 


•9405 


•9367 


•9331 


•9294 


•9255 


28-7 


728-9 


•9592 


•9554 


•9514 


•9476 


•9438 


•9400 


-9364 


•9327 


-9287 


28-8 


731-5 


'9625 


•9587 


•9547 


•9509 


•9471 


•9432 


•9396 


•9359 


•9320 


28-9 


734-0 


•9659 


-9620 


•9580 


•9542 


•9504 


•9465 


•9429 


•9392 


•9352 


29-0 


736-6 


9692 


•9654 


•9613 


-9575 


•9536 


•9498 


•9462 


•9424 


•9385 


291 


7391 


•9725 


-9687 


•9647 


•9606 


•9569 


-9531 


•9494 


•9457 


•9417 


29-2 


741-6 


•9750 


•9720 


•9680 


•9640 


•9602 


•9563 


•9527 


•9489 


•9449 


29-3 


744-2 


•9792 


-9753 


•9713 


.9674 


•9635 


•9596 


•9559 


•9522 


•9481 


29-4 


746-7 


•9826 


•9787 


•9746 


•9707 


•9668 


•9629 


•9592 


•9554 


•9514 


29*5 


749-3 


•9859 


•9820 


•9779 


•9740 


•9701 


•9662 


•9624 


•9587 


•9546 


29-6 


751-8 


•9893 


•9853 


•9812 


•9773 


•9733 


•9694 


•9657 


-9619 


•9578 


29-7 


754-3 


•9926 


•9887 


•9845 


•9806 


•9766 


•9727 


•9690 


•9652 


•9611 


29-8 


7569 


•9959 


-9920 


•9879 


•9839 


•9800 


•9760 


•9722 


•9684 


•9643 


299 


750-4 


•9993 


•9954 


•9912 


•9872 


•9832 


•9793 


•9755 


•9717 


•9676 


300 


762-0 


1-0026 


•9987 


•9945 


•9905 


-9865 


•9826 


-9788 


•9749 


•9708 


301 


764-5 


1-0060 


1-0020 


•9978 


•9938 


-9898 


•9858 


•9820 


•9782 


•9740 


30-2 


767-0 


1-0093 


1-0053 


1-0011 


•9971 


•9931 


•9891 


•9853 


•9814 


•9773 


30*3 


769-6 


1-0126 


1-0066 


1-0044 


10004 


•9964 


-9924 


•9885 


-9846 


•9805 


301 


772-1 


1-0160 


1-0120 


1-0078 


1-0037 


•9997 


•9957 


-9918 


•9879 


•9837 


30-5 


774-7 


1-0194 


1-0153 


1-0111 


1*0070 


1-0030 1 -9989 


•9950 


•9911 


•9870 


30-6 


777-2 


1-0227 


1-0186 


10144 


l-OWi 


1-0063 10022 


•9963 


•9944 


•9902 


30*7 


779-7 


1-0260 


1-0220 


10177 


1-0136 


1-0096 


1-0055 


1-0016 


•9976 


•9935 


30-8 


782-3 


1-0294 


1-0253 


1-0210 


1-0169 


1-0128 


1-0087 


1-0048 


1*0009 


•9967 


30-9 


784-8 


1-0327 


1-0-286 


1-0243 


1-0202 


1-0164 


1-0120 


1-0081 


1-0041 


1-0000 


31-0 


787-4 


1-0360 


1-0319 1-0276 


1-0235 


1-0194 


10153 


1-0114 


1-0074 1*0032 
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PACTORS FOR REDUCING A GIVEN VOLUME OF 
GAS TO NORMAL TEMPERATURE AND PRESSURE. 

0' Centigrade, and 760 millimetres, or 32" Fahrenheit, and 29'92 inches 

barometric pressure. 



Centigrade 


10*0 


11*1 


12*2 


13^3 


14*4 


15*6 


16*7 


17*8 


Fahrenheit 


50- 


52° 


64° 


56° 


68° 


60° 


62° 


64° 




Milli- 


















In. 


metre. 


















27-5 


698*5 


•8867 


•8832 


•8797 


•8763 


•8728 


•8695 


•8661 


8628 


27-6 


701*0 


*8900 


•8864 


•8829 


'8795 


•8760 


•8726 


•8693 


•8660 


277 


703*6 


*8932 


•8897 


'8861 


'8827 


•8792 


*8758 


•8724 


•8601 


27-8 


706*1 


*8964 


•8928 


•8893 


•8859 


•8823 


*8790 


•8756 


•8722 


27-9 


708*6 


•8996 


•8960 


•8925 


*8890 


•8855 


•8821 


•8787 


•8764 


28*0 


711*2 


•9029 


•8993 


'8957 


•8922 


•8887 


•8853 


•8819 


•8785 


28-1 


7137 


•9060 


•9025 


'8989 


•8954 


•8919 


•8884 


•8850 


•8816 


28-2 


716*3 


•9093 


•9057 


•9021 


•8986 


-8951 


•8916 


•8882 


•8848 


28*3 


718*8 


•9125 


•9089 


•9053 


•9018 


•8983 


•8948 


•8913 


•8879 


28*4 


721*3 


•9157 


•9121 


•9085 


•9050 


•9014 


•8979 


•8945 


•8911 


28-5 


723*9 


•9189 


•9153 


•9117 


•9082 


'9046 


•9011 


'8976 


-8942 


28-6 


726*4 


•9222 


•9185 


•9149 


•9114 


•9077 


•9043 


•9008 


•8973 


28-7 


7*28*9 


•9254 


*9218 


•9181 


•9145 


•9109 


*9074 


•9039 


•9005 


28*8 


731*5 


•9286 


•9250 


•9213 


•9177 


•9141 


-9196 


•9071 


•9036 


28*9 


734*0 


-9318 


•9282 


•9245 


•9209 


•9173 


•9138 


•9102 


-9067 


29*0 


736*6 


-9351 


•9314 


•9277 


•9241 


•9205 


•9169 


•9134 


•9099 


29*1 739*1 


•«:<83 


9346 


•9309 


•9273 


•9236 


'9201 


•9165 


•913J 


29-2 


741*6 


•9415 


•9378 


•9341 


•9305 


•9268 


'9233 


•9197 


•9162 


29*3 


744*2 


•9448 


•9410 


•9373 


•9336 


•9330 


'9264 


•9228 


•9193 


29*4 


7467 


•9480 


•9443 


•9405 


•9368 


•9832 


•9296 


•9260 


•9224 


29*5 


749-3 


•9512 


•9475 


•9437 


•9400 


•9363 


•9328 


•9291 


•9256 


29*6 


751*8 


'9544 


•9606 


•9469 


•9432 


•9395 


•9359 


•9323 


•9287 


29-7 i 754-3 


•9577 


•9539 


•9501 


•9464 


•9427 


•9390 


•9354 


•9318 


29*8 1 756*9 


•9609 


•9571 


•9533 


•9496 


*9459 


•9422 


•9386 


•9350 


29*9 


759*4 


•9641 


•9603 


9565 


•9528 


•9490 


•9454 


•9417 


•9381 


300 


762*0 


•9673 


'9635 


•9597 


•9560 


•9522 


•9486 


•9449 


•9413 


301 


764*5 


•9706 


•9667 


•9629 


•9591 


-9554 


•9517 


•9480 


•9444 


30*2 


767*0 


•9738 


•9700 


•9661 


•9623 


•9586 


•9549 


•9512 


•9476 


30*3 


769*6 


•9770 


•9731 


•9693 


•9655 


'9617 


•9580 


-9543 


•9507 


30*4 ! 7721 

1 


•9802 


•9764 


•9725 


•9687 


•9649 


•9612 


•9575 


•9538 


30*5 


774*7 


•9835 


•9796 


•9757 


•9719 


•9681 


•9643 


•9606 


•9569 


30*6 


777*2 


-9867 


•9828 


•9789 


•9751 


•9712 


•9675 


•9638 


•9601 


^7 


779*7 


•9899 


•9660 


•9821 


•9782 


-9744 


•9707 


•9669 


•9632 


30*8 


782*3 


•9931 


•9892 


•9853 


•9815 


•9n6 


•9738 


•9701 


•9664 


50*9 


784*8 


•9963 


•9924 


•9885 


•9846 


•9807 


•9770 


•9732 


•9695 


51*0 


787*4 


•9996 


•9956 


•9917 


•9878 


•9640 


•9801 


•9764 


-9726 
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FACTORS FOR REDUCING A GIVEN VOLUME OF 
GAS TO NORMAL TEMPERATURE AND PRESSURE. 

0° Centij^rade, and 700° millimetres, or 32° Fahrenheit, and 29*92 inches 

barometric pressure. 



Centigrade 


18*9 


20 


21^1 


22*2 


23-3 


24-4 


25« 


26*7 


Fahrenheit 


66- 


68° 


70' 


72° 


74° 


76° 


78° 


80* 




Milli- 


















In. 


metre 


















27-5 


698*5 


-8595 


•8568 


•8530 


•8498 


•8466 


-8435 


-8403 


.8372 


27-6 


7010 


-8626 


•8504 


•8561 


•852S 


•8497 


•8465 


•8434 


•84a^ 


27-7 


703*6 


-8658 


•8625 


•8592 


-8560 


•8528 


•8496 


•8464 


•843» 


27-8 


7061 


-8689 


•8656 


•8623 


•8591 


•8559 


•8527 


•8495 


•8463 


27-9 


708*6 


•8720 


•8687 


-8654 


•8622 


•8589 


•8557 


•8525 


•8494 


28*0 


711-2 


•8751 


•8718 


-8685 


•8653 


•8620 


•8588 


•8556 


•8524 


28-1 


713-7 


•8783 


•8750 


•8716 


•8684 


•8651 


-8619 


•8587 


•8555 


28-2 


716*3 


•8814 


•8781 


•8747 


•8714 


•8682 


•8649 


•8617 


•8585 


28-3 


718*8 


•8845 


•8812 


•8778 


•8745 


•8713 


•8680 


.8648 


•8616 


28-4 


721*3 


•8876 


•8843 


-8809 


•8776 


•8743 


•8711 


•8678 


•8646 


28-5 


723-9 


•8908 


•8874 


•8840 


•8807 


•8774 


•8741 


•8709 


•8677 


28-6 


726-4 


•8939 


•8905 


•8872 


•8838 


•8805 


•8772 


•8739 


•8707 


28-7 


728-9 


•8970 


•8936 


•8903 


•8869 


•8836 


•8803 


•8770 


-8738 


28-8 


731*5 


•9002 


•8968 


-8934 


•8900 


•8866 


•8833 


•8800 


•8768 


28*9 


734*0 


•9033 


^99 


•8965 


•8931 


•8897 


•8864 


•8831 


•8798 


29-0 


736*6 


•9064 


-9030 


•8996 


•8962 


•8928 


•8895 


•8862 


•8829 


29-1 


739*1 


-9095 


-9061 


•9027 


•8993 


•8959 


•8925 


•8892 


•8859 


29*2 


741*6 


-9127 


-9092 


•9050 


•9023 


•8920 


•8956 


•8923 


'8890 


29-3 


744*2 


•9158 


•9123 


•9069 


-9054 


•9020 


•8987 


•8953 


•8920 


29-1 


746*7 


•9189 


•9154 


•9120 


•9085 


9)51 


•9017 


•8984 


-8951 


29-5 


749*3 


•9220 


•9186 


•9151 


•9116 


•9082 


•9048 


•9014 


•8981 


29-6 


751*8 


•9252 


•9217 


-9182 


-9147 


•9113 


•9079 


•9045 


•9012 


29-7 


754*3 


•9283 


•9248 


-9213 


-9178 


•9144 


•9109 


•9076 


•9042 


29-8 


756*9 


•9314 


*9279 


•9244 


-9209 


•9174 


•9140 


•9106 


•9072 


29-9 


759*4 


•9345 


•9310 


•9275 


*9240 


-9205 


•9171 


•9137 


•9103 


30-0 


762*0 


•9377 


•9341 


•9306 


-9271 


*9236 


•9201 


•9167 


-9133 


30-1 


764*5 


•9408 


•9372 


•9337 


•9302 


•9267 


•9232 


•9198 


•9164 


30-2 


767-0 


'9439 


•9403 


•9368 


•9333 


•9297 


•9263 


•9228 


•9194 


39-3 


769*6 


•9470 


•9435 


-9399 


•9363 


-9328 


•9293 


•9259 


-9225 


30-4 


772*1 


-9502 


-9166 


-9430 


•9394 


-9359 


•9324 


•9289 


-9255 


30-6 


774-7 


-9333 


•9497 


•9461 


•9425 


•9390 


•9355 


•9320 


-9286 


30*6 


777-2 


-9564 


•9528 


•9492 


•9456 


•9421 


•9385 


•9351 


•9316 


30*7 


779-7 


-9395 


•9559 


•9523 


•9487 


-9451 


•9416 


•9381 


•9346 


30*8 


782-3 


-9627 


•9390 


•9554 


-9518 


-9482 


•W47 


•9412 


•9377 


30*9 


784-8 


-9658 


•9621 


•9585 


•9549 


•9513 


■9477 


•9442 


•9407 


31*0 


787-4 


-9689 


•9653 


•9616 

— » 


•9580 


-9544 


•9508 


•9473 


•9438 
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TABLE 22.— VOLUMES OF WATER 

at different tempeiatures (Kopp). 



Temp. 




Temp. 




Temp. 




Cels. 


1 


Cels. 


( 


Cels. 







! 1 


14 


1-000556 


40 


1-007531 


1 


0*999917 


15 


1000695 


45 


1-O09541 


2 


0*999908 


16 


1-000846 


50 


1*011766 


3 


0*999685 


17 


1001010 


55 


1-014100 


4 


0*999877 


18 


1-001184 


60 


1-016600 


5 


0-999683 


19 


1-001370 


65 


1-019902 


6 


0-999903 


20 


1-001567 


70 


1D22246 


7 


0-999938 


21 


1001776 


75 


1-025440 


8 


0*999966 


22 


1*001995 


80 


1-028581 


9 


1*000018 


23 


1-002225 


85 


1-031894 


10 


1-000124 


24 


1-002465 


90 


1035397 


11 


1-000213 


25 


1-002715 


95 


1-0390M 


12 


1-0003U 


30 


1*004064 


100 


1*042986 


13 


1-000429 


35 


1-005697 







TABLE 22B.~REDUCTION OF WATER PRESSURE 



to mercurial pressure. 



aq 


Hg 


aq 


Hg 


aq 


Hg 


aq 


Hg 


aq 


Hg 


1 


0-07 


23 


1-70 


45 


3*32 


67 


4-94 


89 


6*57 


2 


0-15 


24 


1-77 


46 


3-39 


68 


5-02 


90 


6*64 


3 


0-22 


25 


1-84 


47 


3-47 


69 


5-09 


91 


6*72 


4 


030 


28 


1*92 


48 


3-54 


70 


517 


92 


6*79 


5 


0-37 


27 


1*98 


49 


3-62 


71 


5*24 


93 


6*86 


6 


0*44 


28 


207 


50 


3-69 


72 


5*31 


94 


6*94 


7 


0-52 


29 


2-14 


51 


3-76 


73 


5-39 


95 


7*01 


8 


0-59 


30 


2-21 


52 


3*84 


74 


5*46 


96 


7*08 


9 


0-66 


31 


2-29 


53 


3-91 


75 


5*54 


97 


7*16 


10 


0*74 


32 


2-36 


54 


3-90 


76 


5*61 


98 


723 


11 


0*81 


33 


2*44 


55 


4-06 


77 


5*68 


99 


7*31 


12 


0*89 


34 


2-51 


56 


4-13 


78 


6*76 


100 


7*38 


13 


0-96 


35 


2-58 


57 


4*21 


79 


5*83 


200 


14*76 


14 


1*03 


36 


2-66 


58 


4-28 


80 


5-90 


30O 


22-14 


15 


112 


37 


273 


59 


4-35 


81 


5-98 


400 


29*52 


16 


1-18 


3« 


2-80 


60 


4*43 


82 


605 


500 


36*90 


17 


1-26 


39 


2-88 


61 


4*50 


83 


6*13 


600 


44*28 


18 


1-33 


40 


2-95 


62 


4-58 


84 


6*20 


700 


51-66 


19 


1*40 


41 


3*03 


63 


4-65 


85 


6*27 


800 


59*04 


20 


1-38 


42 


310 


64 


4-72 


86 


6*35 


900 


66*42 


21 


1-55 


iZ 


3-17 


65 


4-80 


87 


6*42 


1000 


73*80 


22 


1*62 


44 


3-25 


66 


4-87 


88 


6*49 
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TABLE 23.— TENSIONS OF AQUEOUS VAPOUR 

between -20 and+118° C. in millimetres mercury <Magnu8). 



mm 



-20° 
19 
18 
17 
16 

15 
U 
13 
12 
11 

10 
9 
8 
7 
6 

5 
4 
3 
2 
1 


4-1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 



0*916 
0*999 
1*089 
1-186 
1*290 

1*403 
1*525 
1*655 
1-796 
1*947 

2*109 
2*284 
2*471 
2-671 
2-886 

3-110 
3-361 
3*624 
3*900 
4-205 

4-525 
4-867 
5*231 
5*619 
6-032 

6-471 
6*939 
7-436 
7*964 
8*525 

9*126 

9*756 

10*421 

111.H0 

11-882 

12*677 
13*519 
14-409 
15-351 
16*315 

17*396 
18-505 
19*675 
20-909 
22*211 

23*582 
25*026 



+27' 
28 
29 
30 
31 



67 
68 
69 
70 
71 

72 
73 



mm 



26-547 
28*148 
29-832 
31-602 
33*5 



32 


35-4 


33 


37-5 


34 


39-6 


35 


41-9 


36 


44-3 


37 


46-8 


38 


49*4 


39 


521 


40 


55*0 


41 


58-0 


42 


61*1 


43 


64*4 


44 


67*8 


45 


71*4 


46 


75*2 


47 


79*1 


48 


83*2 


49 


87-5 


50 


92*0 


51 


96*6 


52 


101*5 


53 


106*6 


54 


111*9 


55 


117*4 


56 


123*1 


57 


129*1 


58 


135*3 


59 


141*8 


60 


148-6 


61 


155-6 


62 


162*9 


63 


170*5 


64 


178-4 


e?i 


186-6 


66 


195*1 



204*0 
213-2 
222-7 
2326 
212*9 

253*5 
261*6 



T 



mm 



+74' 
75 
76 
77 
78 

79 
80 
81 
82 
83 

84 
85 
86 
87 
88 

89 
90 
91 
92 
93 

94 
95 
96 
97 
98 

99 
100 
101 
102 
103 

104 
105 
106 
107 
106 

109 
110 
111 
112 
113 

114 
115 
116 
117 
118 



276*0 
287*9 
300*2 
312*9 
326*1 

339-8 
353*9 
368*6 
383*7 
399*4 

415*6 
432*3 
449*6 
467*5 
4860 

5050 
524*8 
645*1 
566*1 
687-8 

610*2 
633*3 
657*1 
681*7 
707*0 

733*1 
760*0 

787*7 
816*3 
845*7 

8760 
907*1 
939-2 
972*3 
1006*3 

1041*3 
1077-3 
1114-3 
1152*3 
1191*4 

1231*7 
1273*0 
1315*5 
1359*1 
1403-9 
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TABLE 23B.— TENSION OF AQUEOUS VAPOUR IN 
INCHES OF MERCURY FROM r TO 100^ FAH. 



Temperature 


Inches of 


Temperature 


Inches of 


Fahrenheit. 


Mercury. 


Fahrenheit. 


Mercury. 


1 


•046 


51 


•374 


2 


•018 


52 


•388 


3 


•050 


53 


•403 


4 


•052 


5i 


•418 


5 


•054 


55 


•433 


6 


•057 


56 


•449 


7 


•060 


67 


•465 


8 


•062 


58 


•482 


9 


•065 


59 


•500 


10 


•068 


60 


•518 


11 


•071 


61 


•537 


12 


•074 


62 


•556 


13 


•078 


63 


•576 


14 


•082 


64 


•596 


15 


•086 


65 


•617 


16 


•090 


66 


•639 


17 


•094 


67 


•661 


18 


•098 


68 


•685 


19 


•103 


69 


•708 


20 


•108 


70 


•733 


21 


•113 


71 


•759 


22 


•118 


72 


•785 


23 


•123 


73 


•812 


24 


'129 


74 


•840 


25 


•135 


75 


•868 


26 


•141 


76 


•897 


27 


•147 


77 


•927 


28 


•15? 


78 


•958 


29 


•160 


79 


•990 


90 


•167 


80 


1-023 


31 


•174 


81 


1-057 


32 


•181 


82 


1-092 


33 


•188 


83 


1*128 


34 


•196 


84 


1*165 


35 


'204 


85 


1-203 


36 


•212 


86 


1*242 


37 


•220 


87 


1-282 


38 


•229 


88 


1^323 


39 


•238 


89 


1^366 


40 


•247 


90 


1-401 


41 


•257 


91 


1^455 


42 


•267 


92 


1^501 


43 


•277 


93 


1^548 


44 


•288 


94 


1-506 


45 


•299 


95 


1-646 


46 


•311 


96 


1-697 


47 


•323 


97 


1.751 


48 


•335 


98 


1-806 


49 


•348 


99 


1-862 


50 


•361 


100 


1-918 
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TABLE 24.— TENSION OF AQUEOUg VAPOUR FOR 
TEMPERATURES FROM 40" C. 



Temperature. 


Tension in mm. 


In atmoBpheres. 


Pressure per sq. 
centm. in kilos. 


+ 40' 


54*906 


0-072 


0*07465 


45 


71*391 


0*094 


0*09706 


aO 


91-982 


0121 


0*12505 


55 


117-478 


0-l£^ 


0*15972 


60 


148*791 


0-196 


omm 


65 


186-945 


0246 


0-25417 


70 


233-093 


0*306 


0*31692 


7.-» 


288-517 


0-380 


0*39227 


80 


354-643 


0-466 


0*48217 


85 


433*041 


0*570 


0*58877 


90 


525-450 


0*691 


0*71440 


96 


633-778 


0*834 


0-86168 


100 


780-00 


1*000 


1*03330 


106 


906-41 


1*193 


1*23236 


110 


1075-37 


1*415 


1*4621 


115 


1269*41 


1*673 


1*72592 


120 


1491-28 


1*962 


2-02755 


125 


1743-88 


2-294 


2-37098 


190 


2030*28 


2-671 


2-76037 


135 


2353*73 


3-097 


3-20013 


140 


2717-63 


3-575 


3-69490 


145 


3125*55 


4*112 


4-24950 


150 


3581*23 


4*712 


4-86904 


155 


4088*56 


5-380 


5-55881 


160 


4651*62 


6*120 


6*32434 


165 


5274*54 


6-940 


7-17127 


170 


5961*66 


7*844 


8-10547 


175 


6717*43 


8*838 


9*13302 


180 


7546*39 


9*929 


10*2601 


185 


8453*23 


11*122 


11-4930 


190 


9442*70 


12*424 


12-8383 


195 


10519*73 


13*841 


14*3025 


200 


11688-96 


15'.380 


15*8923 


2a5 


12955*66 


17-047 


17-6U5 


210 


11324-80 


18-8i8 


19-4760 


215 


15801*33 


20791 


21-4835 


220 


17:fflO-00 


22*881 


23-6439 


225 


19097-04 


25127 


25*9643 


230 


20926*40 


27-534 


28*4515 
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TABLE 24B.— TENSION OF AQUEOUS VAPOUR. 



Temperature 
Fahrenheit. 


Inches of 
mercury. 


Atmospheres. 


Lbs. per 
square inch. 


100 


1-918 


•064 


•911 


110 


2-577 


•066 


1-267 


120 


3-427 


•114 


1-676 


130 


4-502 


-150 


2-205 


140 


5*858 


•196 

■ 


2-883 


150 


7-546 


•252 


3.705 


160 


9-628 


•322 


4-734 


170 


12-18 


•407 


5-984 


180 


15-27 


•510 


7*498 


190 


19*01 


•635 


9*336 


200 


23-46 


•784 


11-53 


212 


29-92 


1-000 


14*706 


220 


35-01 


1-170 


17-19 


230 


42-34 


1-415 


20*80 


240 


50-89 


1-701 


25-01 


250 


60-81 


2-032 


29*87 


260 


72-27 


2-415 


35-50 


270 


85-41 


2-855 


41-97 


280 


100-4 


3-366 


49-34 


290 


* 117-5 


3-927 


57-73 


300 


136-8 


4-572 


67*22 


310 


158-6 


5*301 


'77-94 


320 


1831 


6-120 


89*98 


390 


210-5 


7-035 


103-4 


340 


241-1 


8-058 


118-5 


350 


275-0 


9-198 


135-2 


360 


312-6 


1045 


153-6 


370 


354-0 


11*83 


173-9 


380 


399-6 


13*35 


196-3 


390 


449-6 


14-02 


220-8 


400 


504-4 


16*86 


247-9 


410 


563*9 


18-84 


277-0 


420 


628-8 


21*01 


309-9 


430 


699-2 


23-37 


343-6 


440 


775-3 


25-91 


380*9 
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TABLE 25.— VARIATION OF BOILING POINT OF WATER 

with different barometric pressures. 



BoiUng Point. 



Centigrade. 



96*5 
96*6 

98-7 
98-8 
98*9 

99*0 
99*1 
99*2 
99*3 
99*4 

99*5 
99*6 
99*7 
99*8 
99*9 

100*0 
1001 
100-2 
100*3 
100*4 



Fahrenheit. 



209-30 
209*48 
209*66 
209*84 
210*02 

210*20 
210*38 
210*56 
210*74 
210*92 

211-10 
211*28 
211*46 
211*64 
211-82 

212*00 
212*18 
212*36 
212o4 
212-72 



Barometric Pressure. 



Millimetres. 



720*15 
722*75 
725*35 
727-96 
730*58 

733-21 
735*85 
738*50 
741*16 
743*83 

746*50 
749*18 
751*87 
754*57 
757*28 

760*00 
76273 
765*46 
768-20 
771-95 



Inches. 



28*352 
28*455 
28*557 
28*660 
28*763 

28 866 
28*970 
29*075 
29*179 
29*285 

29*390 
29*195 
29*601 
29*707 
29-814 

29*921 
30*029 
30*137 
30-244 
30*392 
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TABLE 26.— SPECIFIC HEATS. 

(Regnault.) 

a.— SOLIDS AND LIQUIDS. 
Water=l-O000. 



Antimony 

Bismuth 

Brass 

Bricks 

Carbon 

Copper 

Glass 

Gold* 

Iron (Cast) .... 
Lron (Wrought) 
Lead 



'0508 
■0308 
*0939 
•189 --241 
•2411 
•0951 
•1937 
•0324 
•1298 
•1138 
•0314 



Platinum 

Phosphorus 

Sulphur 

Silver 

Steel (Hard).... 
Steel (Soft) .... 

Tm 

Zinc 

Alcohol 

Mercury 

Sulphuric Acid 



•0324 
•1187 
•2026 
•0570 
•1175 
•1165 
•0562 
•0958 
•7000 
•0333 
•3350 



&.-GASES AND VAPOURS 



Air =1-000 

at 
Constant 
Pressure. 



Atmospheric Air 

Alcohol Vapour 

Carbonic Acid 

Carbonic Oxide 

Ether Vapour 

Hydrogen 

Nitrogen 

Oxygen 

Water Vapour 

E 



I'OOOOO 
1*8986 
0*9104 
1*0793 
20235 
14*3231 
1*0265 
0*9180 
1*9794 



Water =1*0000. 



Constant 
Volume. 



0*1687 
0*3200 
01535 
0*1758 
0*3411 
2*4146 
0-1730 
0*1548 
0*3337 



Constant 
Pressure. 



0*2377 
0*4513 
0-2164 
0*2479 
0*4810 
3*4046 
0*2440 
0*2182 
0-4750 
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TABLE 27.— MATHEMATICAL TABLES. 

Circumference and area of circles, squares, cubes, square and cube roots. 



n 


irn 

o 


4 

• 


n» 


n» 


^m 


v^ 


10 


3142 


0*7854 


1-000 


1 

1*000 


1-0000 


1-0000 


11 


3-456 


0-9503 


1-210 


1-331 


1*0188 


1-0323 


1-2 


3-770 


1-1310 


1-440 


1*728 


1-0955 


10627 


1-3 


4*064 


1*3273 


1-690 


2-197 


1.1402 


1*0914 


Vi 


4*398 


1-6394 


1*960 


2*744 


1*1832 


1-1187 


1*6 


4*712 


1-7672 


2*250 


3*375 , 


1-2247 


11447 


1-6 


5*027 


2*0106 


2*560 


4*096 


1*2649 


riH:f6 


1-7 


6*341 


2*2698 


2*890 


4*913 


1*3038 


1-1935 


1-8 


5*655 


2*5417 


3-240 


6-832 


1*3416 


1-2164 


1-9 


6*969 


2*8353 


3*610 


6*869 


1-3784 


1-2386 


20 


6*283 


3*1416 


4*000 


8O00 


1-4142 


1-2599 


21 


6*597 


3*4636 


4*410 


9*261 


1*4491 


1-2806 


2-2 


6*912 


3*8013 


4*840 


10*648 


1*4832 


1-3006 


2*3 


7*2-26 


4*1548 


6*290 


12-167 


1-5166 


1*3200 


2'i 


7-540 


4*5239 


5*760 


13*824 


1-6492 


1*3389 


2-5 


7*854 


4-9087 


6*250 


16*626 


1-6811 


1*3572 


2*6 


8*168 


5-3093 


6*760 


17*576 


1*6125 


1*3751 


2-7 


8*482 


5*7266 


7*290 


19*683 


1*6432 


1*3925 


2-8 


8*797 


6*1575 


7-810 


21*952 


1*6733 


1*4095 


2-9 


9*111 


6*6052 


8*410 


24*389 


1-7029 


1*4260 


3-0 


9*425 


7*0686 


9*00 


27*000 


1*7321 


1*4422 


31 


9*739 


7*5477 


9*61 


29*791 


1*7607 


1-4681 


3-2 


10*053 


8*0426 


10-24 


32*768 


1*7889 


1*4736 


3-3 


10*367 


8*5530 


10-89 


35*937 


1*8166 


1*4888 


3-4 


10*681 


9*0792 


11-56 


39*304 


1-8439 


1*5037 


3*5 


10-996 


9-6211 


12-25 


42*875 


1*8708 


1*6183 


3*6 


11*310 


10*179 


12*96 


46-656 


1*8974 


1*5326 


3-7 


11-624 


10*752 


13*69 


50-653 


1-9236 


1-5467 


3*8 


11*938 


11*341 


14*44 


64*872 


1*9494 


1*5605 


3-9 


12-252 


11*946 


15*21 


69*319 


1*9748 


1*6741 


4-0 


12*566 


12*566 


16*00 


64*000 


2*0000 


1*5874 


41 


12*881 


13*203 


16-81 


68-921 


2*0249 


1*6005 


4-2 


13*195 


13*854 


17*64 


74*088 


2-0494 


1*6134 


4-3 


13*509 


14*522 


18*49 


79*507 


20736 


1-6-261 


4*4 


13*823 


16-206 


19*36 


85*184 


20976 


1*6386 


4-6 


14*137 


15*904 


20*25 


91*125 


2*1213 


1*6510 


4-6 


14-451 


16*619 


2116 


97*336 


2*1448 


1*6631 


4-7 


14*765 


17*349 


22 09 


103 823 


2*1680 


1*6751 


4*8 


15*080 


18-096 


23-04 


110-592 


2*1009 


1-6869 


4-9 


15*394 


18*857 


24-01 


117*649 


2*2136 


1-6986 


5-0 


15*708 


19*635 


25-00 


125*000 


2*2361 


T-7100 


61 


16*022 


20*428 


2601 


132*661 


2-2583 


1-7213 


6-2 


16^36 


21*237 


27*04 


140-608 


2-2804 


1-7325 


6-3 


16*650 


22*062 


2809 


148-877 


2*3022 


1-7435 


5-4 


16-965 


22*902 


29-16 


157*464 


2*3238 


1-7644 


5-5 


17*279 


23-758 


30-25 


166*375 


2*3462 


1*7652 


6-6 


17*593 


24*630 


31*36 


175616 


2-3664 


1*7758 


5-7 


17-907 


25*618 


32*49 


185*193 


2-3876 


1*7863 


5-8 


18-221 


26*421 


33-64 


195*112 


2*4083 


1-7967 


5-9 


18*535 


27*340 


34*81 


205-379 


2-4290 


1*8070 
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TABLE 27.--MATHEMATICAL TABLES.— Continued. 
Circumference and area of circles, aquarea, cubes, aquare and cube roots. 



n 



6-0 
61 
6-2 
6-3 
61 

6-5 
6-6 
67 
6-8 
6-9 

70 
71 
7*2 
7-3 
Ti 

7-5 
7-6 

7-7 
7-8 
7*9 

«-o 

«1 
8*2 
«-3 
8-4 

S'5 
8'6 

S-7 
S'S 
8-9 

90 
9-1 
92 
9-3 
94 

9-5 
9-6 
9-7 
9-8 
9-9 

in-0 

10*1 
10'2 
10-3 
10-4 

10-5 
10-6 
10-7 
10-8 
10-9 



wn 

c 



18*850 
19164 
19-478 
19-792 
20-106 

20*420 
20-735 
21*049 
21*363 
21*677 

21-991 
22*305 
22-619 
22-934 
23-248 

23-562 
23-876 
24-190 
24-504 
21*819 

25-133 
25-447 
25-761 
26-075 
26-389 

26-704 
27-018 
27-332 
27-646 
27*960 

28-274 
28*588 
28*903 
29*217 
29*531 

29-845 
30*159 
30*473 
30-788 
31*102 

31*416 
31*730 
32*044 
32*358 
32-673 

32-987 
33*301 
33-615 
33-929 
34-243 




28*274 
29-225 
30191 
31173 
32170 

33*183 
34-212 
35-257 
36*317 
37*393 

38*485 
39*592 
40-715 
41*854 
43*008 

44*179 
45*365 
46*566 
47*784 
49-017 

50-266 
51-530 
52-810 
54-106 
55-418 

56*745 
58*088 
60*447 
60-821 
62-211 

63-617 
65*039 
66-476 
67-929 
69-398 

70-882 
72-382 
73-898 
75-430 
76 977 

78-540 
80-119 
81*713 
83*323 
84-949 

86*590 
88-247 
89*920 
91*609 
93*313 



n' 



3600 
37*21 
38*44 
39*69 
40*96 

42*25 
43-56 
44-89 
46*24 
47*61 

4900 

50-41 

61*84. 

63*29 

64*76 

56-25 
67*76 
59*29 
60*84 
62-41 

6400 
65-61 
67-24 
68*89 
70-56 

72*25 
73-96 
75-69 
77*44 
79 21 

81-00 
82-81 
84-64 
86-49 
88*36 

90-25 
92-16 
94-09 
96*04 
98-01 

100-00 
102-01 
104*04 
106-09 
108-16 

110-25 
112-36 
114-49 
116-64 
118-81 



n" 



216-000 
2-26-981 
238-328 
250-047 
262*144 

274*625 
287-496 
300-763 
314-432 
328-509 

343-000 
357-911 
373-248 
389-017 
405-224 

421-875 
438-976 
456-533 
474-552 
493*039 

612-000 
631-441 
651*368 
571-787 
592-704 

614-125 
636-056 
658*503 
681-472 
704-969 

729-000 
753*571 
778-688 
804*357 
830*584 

857*375 
884*736 
912-673 
911*192 
970*299 

1000000 
1030*301 
1061-208 
1092-727 
1124*863 

1157*625 
1191-016 
1225-043 
1259-712 
1295-029 



Vn 



2-4195 
2*4698 
2-4900 
2*6100 
2*5298 

2*5495 
2*5691 
2*5884 
2-6077 
2-6263 

2*6458 
2*6646 
2-6833 
2*7019 
2*7203 

2*7386 
2-7568 
2-7749 
2*7929 
2*8107 

2-8284 
2*8461 
2-8636 
2-8810 
2-8983 

2-9155 
2-9326 
2-9496 
2-9665 
2-9833 

30000 
3-0166 
3*0332 
3*0496 
3*0659 

3*0622 
3*0984 
3*1145 
31305 
3*1464 

3*1623 
3*1780 
3*1937 
3*2094 
32249 

3*2104 
3*2558 
3-2711 
3*2863 
3-3015 



Vn 



1*8171 
1*8272 
1*8371 
1*8469 
1*8566 

1*8663 
1*8758 
1*8852 
1-8945 
1*9038 

1*9129 
1-9220 
1*9310 
1*9399 
1*9487 

1-9574 
1-9661 
1*9747 
1-9832 
1-9916 

2*0000 
2*0083 
2-0165 
2-0247 
2-0328 

2-0408 
2-0488 
2-0567 
2H)646 
2-0724 

2*0801 
2*0878 
2*0954 
2-1029 
2-1105 

2-1179 
2-1253 
21327 
2-1400 
2-1472 

2-1514 
2-1616 
2-1687 
2-1757 
2-1828 

2-1897 
2*1967 
2*2036 
2*2104 
2*2172 
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TABLE 27.— MATHEMATICAL TABLES. 

Circumference and area of circles, squares, cubes, square and cube roots. 



n 


irn 

o 


n* 

4 

• 


n» 


n» 


^ 


ViT 


10 


3142 


0-7854 


1*000 


1-000 


I'OOOO 


1*0000 


11 


3-456 


0-9503 


1-210 


1*331 


1-0488 


1*0323 


1-2 


3-770 


1*1310 


1*440 


1-728 


10955 


1-0627 


1-3 


4*084 


1-3273 


1-690 


2-197 


1.1402 


1*0914 


1-4 


4-398 


1-6394 


1-960 


2-744 


1*1832 


1*1187 


1-5 


4-712 


1-7672 


2*250 


3-375 , 


1*2247 


1*1447 


1-6 


6-027 


2-0106 


2*560 


4-096 


1*2649 


ri6si6 


1-7 


5-341 


2-2698 


2*890 


4*913 


1-3038 


l'ia35 


1-8 


5-655 


2-5417 


3*240 


6*832 


1*3416 


1-2164 


1-9 


5-969 


2-8;i63 


3*610 


6*859 


1*3784 


1*2386 


20 


6-283 


3*1416 


4*000 


8O00 


1*4142 


1-2599 


21 


6-597 


3-4636 


4-410 


9-261 


1*4491 


1-2806 


2-2 


6-912 


3-8013 


4-840 


10*648 


1*4832 


1-3006 


2-3 


7-226 


4-1548 


6-290 


12-167 


1*5166 


1-3200 


2*4 


7-640 


4-6239 


5*760 


13-824 


1-6492 


1-3389 


2-5 


7-854 


4-9087 


6*250 


15-626 


1*6811 


1-3672 


2-6 


8*168 


6-3093 


6*760 


17-576 


1*6125 


1-3751 


2-7 


8-182 


6-7256 


7-290 


19-683 


1-6432 


1-39-25 


2-8 


8-797 


6-1575 


7-840 


21-952 


1-6733 


1-4095 


2*9 


9-111 


6-6062 


8-410 


24-389 


1-7029 


1*4260 


3-0 


9-425 


7-0686 


9-00 


27-000 


1-7321 


1*4422 


31 


9-739 


7-6477 


9-61 


29-791 


1-7607 


1*4681 


3*2 


10-053 


8-01*26 


10-24 


32-768 


1-7889 


1*4736 


3-3 


10-367 


8*5530 


10-89 


35-937 


1-8166 


1-4888 


3-4 


10-681 


9*0792 


11-66 


39-304 


1-8439 


1-6037 


3-5 


10-996 


9-6211 


12-25 


42-876 


1-8708 


1-6183 


3-6 


11-310 


10*179 


12-96 


46-656 


1*8974 


1-6326 


3-7 


11-624 


10-752 


13*69 


60-653 


1-9235 


1-5467 


3-8 


ii-as8 


11-341 


14-44 


64-872 


1*9494 


1-5605 


3-9 


12-252 


11-946 


15-21 


69-319 


1*9748 


1-6741 


4-0 


12-566 


12-566 


16-00 


64-000 


2*0000 


1-5874 


41 


12-881 


13*203 


16-81 


68-921 


2*0249 


1-6005 


4-2 


13-195 


13-854 


17-64 


74-088 


2-0494 


1-6134 


4-3 


13-509 


14-622 


18-49 


79-507 


2*0736 


1 •6-261 


4-4 


13-823 


16*205 


19-36 


85-184 


2-0976 


1-6386 


4-5 


14-137 


15*904 


20-25 


91-125 


2*1213 


1-6610 


4-6 


14-451 


16*619 


2116 


97-336 


2*1448 


1-6631 


4-7 


14-765 


17*349 


22 09 


103 823 


2*1680 


1-6751 


4-8 


15-080 


18096 


23-04 


110-592 


2*1009 


1*6869 


4-9 


15-394 


18-867 


2401 


117-649 


2*2136 


1-6985 


5-0 


15-708 


19-635 


2500 


1-26-000 


2*2361 


T-7100 


6-1 


16-022 


20-428 


2601 


132-651 


2-2583 


1-7213 


6-2 


16-aS6 


21-237 


27-04 


140-608 


2-2804 


1-7325 


6-3 


16-650 


22-062 


28-09 


148-877 


2-3022 


1-7435 


5*4 


16-965 


22-902 


29*16 


167-464 


2-3238 


1-7544 


5-0 


17-279 


23*758 


30-25 


166-376 


2-3462 


1*7652 


5-6 


17*593 


24*630 


31-36 


175616 


2-3664 


1*7758 


6-7 


17*907 


25*618 


32-49 


185-193 


2-3875 


1*7863 


5-8 


18-221 


26-421 


33-64 


195112 


2-4083 


1-7967 


5-9 


18*535 


27-340 


34*81 


205-379 


2-4290 


1*8070 
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TABLE 27.— MATHEMATICAL TABLES,— Continued. 
Circumference and area of circles, squares, cubes, square and cube roots. 





vn 


n» 










n 


C 


*4 

• 


n« 


n» 


^/n 


V» 


6-0 


18*850 


28-274 


36*00 


216*000 


2*4495 


1-8171 


61 


19-164 


29-225 


37-21 


228-981 


2-4698 


1-8272 


6*2 


19-478 


90*191 


38-44 


238-328 


2-4900 


1-8371 


6-3 


19-792 


31-173 


39-69 


250-047 


2*5100 


1*8460 


Q'i 


20-106 


32170 


40-96 


262-144 


2*5298 


1*8586 


6-5 


20-420 


33-183 


42*25 


274*625 


2*5495 


1*8663 


6*6 


20-735 


34*212 


43-56 


287*496 


2-5691 


1*8758 


6-7 


21-049 


35-257 


44-89 


300-763 


2-5884 


1*8852 


6-8 


21-363 


36-317 


46-24 


314*432 


26077 


1-8945 


6-9 


21-677 


37-393 


47-61 


328*509 


2-626S 


1-9038 


70 


21-991 


38-485 


4900 


343-000 


2-6458 


1*9129 


71 


22-305 


89-592 


50*41 


357*911 


2-6648 


1-9220 


72 


22-619 


40715 


51-84. 


373-248 


2-6833 


1-9310 


7-3 


22-934 


41-854 


53-29 


389*017 


2-7019 


1*9399 


7-4 


23-248 


43-008 


54-76 


405*224 


2-7^ 


1*9487 


7-5 


23-562 


44-179 


56*25 


421-875 


2-7386 


1*9574 


7-6 


23-876 


45-365 


67*76 


438-976 


2-7568 


1-9661 


7-7 


24-190 


46*566 


59-29 


456-533 


2-7749 


1*9747 


7-8 


24-504 


47-784 


60*84 


474*552 


2-7929 


1*9832 


7-9 


24-819 


49-017 


62*41 


493-039 


2*8107 


1*9016 


«-o 


25-133 


50-266 


64-00 


512-000 


2-8284 


2*0000 


81 


25-447 


51*530 


C561 


531-441 


2-8461 


2-0083 


8-2 


25-761 


52-810 


67*24 


551*368 


2-8636 


2-0165 


«-3 


28-075 


54-106 


68-89 


571-787 


2-8810 


2*0247 


8-4 


26-389 


55-418 


70*56 


592-704 


2*8983 


20328 


S-5 


26-704 


56-745 


72*25 


614-125 


2-9155 


2-0408 


8-6 


27-018 


58-088 


73*96 


636-058 


2-9326 


2*0488 


S'7 


27-332 


59-447 


75*69 


658-503 


2*9496 


2-0567 


S'B 


27-646 


60-821 


77*44 


681-472 


2*9665 


2*0648 


8-9 


27-960 


62*211 


7921 


7M-969 


2*9833 


2-0724 


90 


28-274 


63-617 


81*00 


729-000 


3*0000 


2-0801 


91 


28-588 


65*039 


82*81 


753-571 


3*0166 


2-0878 


92 


28-903 


66-476 


84*64 


778-688 


3*0332 


2-0954 


9-3 


29-217 


67*929 


86*49 


804-357 


3*0496 


2-1029 


94 


29*531 


69-398 


88-36 


830-584 


3-0659 


2-1105 


9-5 


29-845 


70-882 


90*25 


857-375 


3-0822 


2-1179 


9-6 


30-159 


72-382 


92-16 


884-736 


3-0084 


2-1253 


9-7 


30-473 


73-898 


9409 


912*673 


3-1145 


2*1327 


9-8 


30-788 


75*430 


96*04 


941-192 


3-1305 


2-1400 


9-9 


31-102 


76 977 


98*01 


970*299 


3-1464 


2-1472 


10-0 


31-416 


78-540 


100*00 


1000-000 


3-1623 


2-1514 


101 


31-730 


80-119 


102-01 


1030-301 


3-1780 


2-1618 


10*2 


32044 


81-713 


104*04 


1061-208 


3-1937 


2-1687 


10-3 


3-2-358 


83-323 


106-09 


1092-727 


3-2094 


2-1757 


10-4 


32*673 


84-949 


108*16 


1124-863 


3-2249 


2-1828 


10-5 


32-987 


86-590 


110-25 


1157-625 


3-2404 


2-1807 


10-6 


33-301 


88*247 


112*36 


1191016 


3-2558 


2-1967 


10-7 


.H3-615 


89-920 


114*49 


1225-043 


3-2711 


2-2036 


10-8 


33-929 


91-609 


116*64 


125i)-712 


3*2863 


2*2104 


10-9 


34-243 


93*313 


118*81 


1295-029 


3*3015 


2-2172 
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TABLE 27.— MATHEBiATICAL TABLES.-'CoHimued. 
Cfi«oiiifefeiieeaiidaraaofGiitd6s,8qiiare8»cabea.8qiiareaiidc^ roots. 





wn 


m« 










n 


O 


'4' 

• 


n* 


«» 


V» 


V» 


21-0 


65-973 


346-36 


441t» 


9961-000 


4-5896 


275K9 


21-1 


66-288 


3i9irr 


445-21 


93981131 


4*5935 


27633 


21-2 


66-603 


352-99 


449-44 


9528*128 


4-6013 


2767rt 


21-3 


l«-916 


356-33 


453-69 


9663-597 


4-6152 


277:0 


21-4 


67*230 


359-68 


457-96 


9800-344 


4-6260 


27763 


21-5 


67-544 


36^05 


462-25 


9938^5 


4-6368 


27806 


2116 


67-858 


366*44 


466-56 


10077-696 


4-6176 


27819 


21-7 


68*173 


369-84 


470-89 


10218-313 


4-6583 


27893 


21-8 


68*487 


373-25 


475-24 


10360-232 


4-6690 


27935 


21-9 


68-801 


376-69 


479-41 


105(0-459 


4-6797 


2-7978 


2?'0 


C9-115 


380-13 


484-X 


106481X» 


4-6904 


2-8021 


221 


69-429 


383-60 


488-41 


10793-861 


4*7011 


2-8063 


22-2 


69743 


387 tW 


462-84 


10941-048 


47117 


2-8105 


22-3 


70-068 


390*57 


497-29 


11089*567 


4-7223 


2-8147 


22-4 


70-372 


3941)8 


501*76 


11239-424 


47329 


2-8189 


22-5 


70-686 


397-61 


506*25 


11390-625 


47434 


2-8231 


22-6 


71-000 


401*15 


51076 


11543-176 


4-7539 


2-8273 


227 


n-314 


404*71 


515-29 


14697-083 


4-7644 


2-8314 


22-8 


71-628 


406-28 


519*84 


11852-352 


47749 


2*8356 


22-9 


71-942 


411*87 


524*41 


12008-969 


4-7854 


2-8397 


23-0 


72-257 


415*48 


529-00 


12167-000 


4*7958 


2-8438 


23-1 


72*571 


419-10 


533-61 


12326-391 


4*8062 


2*8479 


23-2 


72-885 


42273 


538-24 


12487*168 


4-8166 


2*8521 


23-3 


73-199 


426*39 


542-89 


12649337 


4*8270 


2-8562 


23-1 


73*513 


430-05 


547-56 


12812-904 


4-8373 


2-8603 


23-S 


73*827 


43374 


552-25 


12977-875 


4*8477 


2-8643 


23*6 


74*142 


437-44 


556-96 


13144-256 


4-8580 


2*8684 


237 


74*456 


441*15 


561-69 


13312053 


48683 


2-8724 


23-8 


74770 


444*88 


566*44 


13481*272 


4-8785 


2-8765 


23-9 


75-084 


448-63 


471*21 


13651-919 


4-8888 


2-8805 


24-0 


75-398 


452*39 


576-00 


13824-000 


4*8990 


2-8845 


241 


75712 


456-17 


580*81 


13997*521 


4-9092 


2*8886 


24-2 


76*027 


450-96 


585*64 


14172 488 


4-9192 


2*8925 


»-3 


76-341 


463*77 


560-49 


14348-907 


4*9295 


2-8965 


24-4 


76-655 


467-60 


595*36 


14526784 


4-9396 


2-90O4 


U'5 


76*969 


471*44 


600*25 


14706*125 


4-9497 


2-9044 


24-6 


77-283 


475-29 


60516 


14886*936 


4-9598 


2-9083 


24-7 


77*597 


479*16 


610-09 


15669*223 


4-9699 


2*9123 


24-8 


77-911 


483*05 


615*04 


15252-992 


4-9799 


2-9162 


24-9 


78-226 


486-96 


620-01 


15438*249 


4-9699 


2-9201 


250 


78*540 


490-87 


625*00 


15625D0O 


5-0000 


2-9241 


25-1 


78-854 


494*81 


63001 


15813-251 


5-0099 


2-9-279 


25-2 


79-168 


498-76 


685-04 


16003-008 


5-0199 


2-9318 


25-3 


79*482 


602-73 


640*09 


16194-277 


5-0299 


2-9256 


25-4 


79796 


50671 


645-16 


16387*064 


5-0398 


2-9395 


25-5 


80111 


610-71 


650*25 


16581*375 


5*0497 


2-9434 


25*6 


80-425 


514-72 


655*36 


16777-216 


5-0696 


29472 


257 


80*739 


518-75 


660-49 


16974-503 


5*0695 


2-9510 


2.')*8 


81*053 


622-79 


665*64 


17173*512 


5*0793 


2-9519 




81*367 


526*85 


670*81 


17373-979 


5-0692 


2-9586 
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TABLE 27.— MATHEMATICAL TABLES.— (7on<»nM«rf. 
Circumferenoe and area of circles, squares, cubes, square and cube roots. 





Tn 


n» 










n 


O 


• 


n* 


n» 


VnT 


Va 


26t) 


81-681 


530*93 


676-00 


17576*000 


5*0990 


2*9624 


261 


81*996 


fi35*02 


681-21 


17779*581 


5*1088 


2*9662 


26-2 


82*310 


639*13 


686-14 


17964*728 


5*1185 


2*9701 


26-3 


82*624 


5^*25 


691-69 


18191*447 


5*1283 


2*9738 


26*4 


82-938 


547*39 


696*96 


18399*744 


5*1380 


2*9776 


26*5 


83-252 


651*55 


702-25 


18609*625 


5*1478 


2*9814 


26-6 


83*566 


65572 


707-56 


18821*096 


6*1575 


2*9851 


26*7 


83*881 


659*90 


712-89 


19034*163 


5*1672 


2-9883 


26*8 


81-195 


561*10 


718-24 


19248*832 


6*1768 


2-9926 


26*9 


81*509 


568*32 


723*61 


19465*109 


6*1865 


2-9963 


27*0 


84*823 


672*56 


729-00 


19683*000 


5*1962 


3*0000 


27*1 


85*137 


676*80 


734*41 


19902*511 


5*2057 


3-0037 


27*2 


85-451 


581*07 


739-84 


20123*648 


5*2153 


3-0074 


27*3 


85*765 


685*35 


745*29 


20346*417 


6-2249 


30111 


27-4 


86*080 


689*65 


75076 


20570*824 


6*2345 


3*0147 


27*5 


86*394 


593-96 


756-25 


20796*875 


5*2440 


3*01^ 


27*6 


86-706 


698*29 


761*76 


21024*576 


52535 


3*0221 


27*7 


87 022 


602-63 


767*29 


21253*933 


6*2630 


3-0257 


27-8 


87*336 


606*99 


772*84 


21484*952 


6*-2725 


3-0293 


27-9 


87*6S0 


611*36 


778*41 


21717*639 


6*2820 


30330 


28*0 


87*965 


615*75 


784-00 


21952000 


5*2915 


3*0366 


28*1 


88-279 


620*16 


789*61 


22188*041 


6*3009 


30402 


28*2 


88-593 


624*58 


795-24 


22425*768 


5*3103 


3-0438 


28*3 


88-907 


629*02 


800*89 


22665*187 


6-3197 


3*0474 


28*4 


89-221 


633*47 


806*56 


22906*304 


5*3291 


3t)610 


28*5 


89*535 


637*94 


812*25 


23149*125 


5-3385 


3*0546 


28-6 


89*850 


642*42 


817*96 


23393*656 


6*3478 


3-0581 


287 


90-161 


646*93 


823*69 


23639*903 


5-3572 


3-0617 


28*8 


90*478 


651*44 


829*44 


23887*872 


5*3665 


3*0652 


28-9 


90*792 


655*97 


835*21 


24137*560 


6*3768 


3*0688 


290 


91*106 


660-52 


841*00 


24389*000 


5*3852 


30723 


291 


91*420 


665*08 


846*81 


24642*171 


6*3944 


3-0758 


29*2 


91-735 


669*66 


852*64 


24897*088 


5*4037 


3-0794 


29*3 


92-019 


674*26 


858-49 


25153*757 


6*4129 


3*0829 


29*4 


92363 


678*87 


864*36 


25412*184 


6*4221 


3*0864 


29-5 


92*677 


683*49 


870*25 


25672*375 


5*4313 


3*0899 


29*0 


92*991 


688*13 


876*16 


25934*336 


5-4405 


3-0934 


29*7 


93*305 


692-79 


882*09 


26198*073 


5-4497 


3-0968 


29*8 


93*619 


697*47 


888*04 


26463*592 


6-4589 


3*1003 


29*9 


93*934 


702*15 


894*01 


26730-899 


5-4680 


3*1038 


30*0 


94*248 


706*86 


900*00 


27000*000 


5*4772 


31072 


30*1 


94-562 


711*58 


906*01 


27270*901 


5-4863 


31107 


30*2 


94-876 


716*32 


912*04 


27543*608 


5*4954 


3-1141 


30*3 


95-190 


721*07 


918*09 


27818-127 


5*5045 


3*1176 


30*4 


95*504 


725*83 


924*16 


28094-464 


6*5136 


3-1210 


90*5 


95-819 


730-62 


930*25 


28372*625 


5*5226 


3*1244 


30*6 


96*133 


735*42 


936*36 


28662*616 


5*5317 


3*1278 


307 


96*447 


740*23 


942*49 


28934-443 


5*5407 


31312 


30*8 


96*761 


745*06 


948*64 


29218*112 


5-5497 


3-1346 


30*9 


97-075 


749*91 


954*81 


29503-629 


5-5587 


3138) 
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TABLE 27.— MATHEMATICAL TABLES.— Continued, 
Circumference and area of circles, squares, cubes, square and cube roots. 





vn 


n« 










n 


O 


• • 


n* 


n» 


vr 


v» 


31-0 


97-389 


754-77 


961-00 


29791-000 


5-5678 


3*1414 


31-1 


97*7(H 


759-65 


967-21 


30080 231 


6*5767 


31448 


31-2 


98-018 


764*54 


673-44 


30371*:fi8 


5*5857 


3*1481 


31-3 


98*332 


769*45 


979*69 


30664*297 


5*5946 


3*1615 


31-4 


96-646 


774-37 


985-96 


30959-144 


5*6035 


3-1549 


31-5 


98*960 


779 31 


992-25 


31255*875 


5-6124 


3*1582 


31-6 


99*274 


784-27 


998-56 


31554*496 


5-6213 


3*1615 


31-7 


99*588 


789-24 


1004-89 


31855*013 


5*6302 


3*1648 


31-8 


99*903 


794*23 


1011-24 


32157*432 


5*6391 


3-1681 


31-9 


100*22 


799*23 


1017*61 


32461*750 


5*6480 


31715 


32-0 


100*53 


804-25 


1024-00 


32768000 


5*6569 


3-1748 


32-1 


100*85 


809*28 


1030*41 


33076*161 


5-6656 


3*1781 


32-2 


10116 


814*33 


1036*84 


33386*248 


5-6745 


3*1814 


32-3 


101-47 


819*40 


1043*29 


33698*267 


5*6833 


3-1847 


32-4 


101-79 


824*49 


1049-76 


34012*224 


5*6921 


3*1880 


32-6 


102-10 


829*58 


1056-25 


34328*125 


6*7008 


3*1913 


32-6 


102*42 


834*69 


1062*76 


34645-976 


6*7066 


31945 


32-7 


102*73 


839*82 


1069-29 


34965*783 


6-71&J 


3*1978 


32-8 


103*04 


844-96 


1075-84 


35287*552 


5-7271 


3*2010 


32-9 


103*36 


85012 


1082-41 


35611*289 


5*7358 


3-2043 


33-0 


103*67 


855*30 


1069-00 


35937-000 


6-7447 


3*2075 


33-1 


103*99 


860*49 


1095*61 


36264-691 


6-7532 


3*2108 


33-2 


104-30 


865*70 


1102*24 


36594-368 


5*7619 


3*2140 


33-3 


104-62 


870*92 


1108*89 


369-25-037 


6-7706 


3*2172 


33*4 


164-93 


876-19 


1115*56 


37259-704 


5*7792 


3*2204 


33-5 


105-24 


881-41 


1122-25 


37595-375 


6-7879 


3*2237 


33-6 


105*56 


886-68 


1128-96 


37933056 


5-7966 


3*2269 


33-7 


105*87 


891-97 


1135*69 


38272753 


6-8051 


3-2301 


33-8 


106*19 


897-27 


1142*44 


38614-472 


6-8137 


3-2332 


33*9 


106-50 


902*59 


1149*21 


38958-219 


6-8223 


32364 


34-0 


106-81 


907*92 


1156*00 


39304-000 


6*8310 


3-2396 


341 


107-13 


913*27 


1162*81 


39651-821 


6*8395 


3-2424 


34-2 


107-44 


918*63 


1169-64 


40001*688 


6-8480 


3-2460 


34-3 


107*76 


924*01 


1176-49 


40353*607 


6-8566 


3*2491 


34*4 


10807 


929*41 


1183*36 


40707-584 


6-8751 


9*2522 


34-6 


108*38 


934*82 


1190*25 


41063*525 


6-8736 


3*2554 


31*6 


108-70 


940*25 


1197-16 


41421*736 


5-8821 


3*2586 


34*7 


109*01 


945*69 


1204-09 


41781-923 


6-8906 


3-2617 


34*8 


109-33 


951*15 


1211-04 


42144192 


6-8991 


3*2648 


34-9 


109-64 


956-62 


1218-01 


42508-549 


6-9076 


3-267S. 


85-0 


109-96 


962-11 


l?25-00 


42875-OOC 


6-9161 


3-2710 


35*1 


110-27 


967*62 


1232*01 


43243-551 


6-9245 


3-2742 


a'»*2 


110-58 


973*14 


1239*04 


43614-208 


6*9326 


3-2773 


35*3 


110-90 


978-68 


1246-09 


43966-977 


6*9413 


3-2804 


3d*4 


111-21 


984*23 


1253*16 


44361-864 


5-9497 


3-2836 


35*5 


111-53 


989*80 


1260*25 


44738-875 


6*9581 


3*2866 


35*6 


111-84 


995*38 


1267-36 


45118016 


6*9665 


3-2897 


35*7 


112-15 


1000*98 


1274-49 


45499-293 


6-9749 


8*2927 


35*8 


112-47 


1006*60 


1281-64 


45882*712 


6-9833 


3*2958 




112-78 


1012-23 


1288-81 


46268*279 


6-9916 


3*2969 
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TABLE 27.— MATHEMATICAL TABLES.—Continued, 
Circamference and area of circles, squares, cabes, square* and cube roots. 





ir» 


»» 










n 


c 


• 


n» 


«» 


Vn 


VIT 


36-0 


113*10 


1017-88 


1296*00 


46656-000 


6-0000 


3*3019 


36*1 


113*41 


1023*54 


1303*21 


47045*881 


6-0083 


3-3050 


36*2 


113*73 


1029-22 


1310-44 


47437*928 


6-0166 


3*3080 


36*3 


lU-C^ 


1034*91 


1317*60 


47832*147 


6*0249 


3*3111 


361 


114*35 


1040*62 


1324*96 


48228*544 


6-0332 


3*4141 


36-5 


114*67 


1046*35 


1332 25 


48627*125 


6-0415 


8-3171 


36-6 


114*98 


1052*09 


1339*56 


49017*896 


6-0497 


3-3202 


367 


115*30 


1057-84 


1346*89 


49430*863 


6-0580 


3-3232 


36-8 


115-61 


1063*62 


1354-24 


49836*032 


6*0663 


3*3262 


36-9 


115*92 


1069-41 


1361-61 


50243-409 


6*0745 


3-3292 


37-0 


116*24 


1075-21 


136900 


50(353-000 


6*0827 


8*33-22 


371 


116*55 


1081-03 


1376*41 


51064*811 


6*0909 


3-3352 


37-2 


116*87 


1086*87 


1383*84 


51478*848 


6*0991 


3-3382 


373 


117*18 


1002*72 


1391*29 


51895*117 


6*1073 


3*3412 


37-4 


117*50 


1098*58 


1398-76 


52313*624 


6-1155 


3*3442 


37-5 


117*81 


1104*47 


1406-25 


52734-375 


6-1237 


3^72 


376 


118*12 


1110*36 


1413-76 


63157-376 


6*1318 


3*3501 


37*7 


118*44 


1116*28 


1421*29 


53582*633 


6-1400 


3*3581 


37-8 


118*75 


1122*21 


1428*84 


54010152 


6-1481 


3*3561 


37-9 


11907 


1128-15 


1436*41 


54439-939 


6-1563 


3-3500 


38-0 


119*38 


1134-11 


1444*00 


54872-000 


6*1644 


3-3620 


38-1 


119*69 


114009 


1451*61 


55306*341 


6-1725 


3*3649 


38*2 


120*01 


1146*08 


1459*24 


55742*968 


6-1806 


3*3679 


38-3 


120*32 


1152*09 


1466*89 


56181*887 


6*1887 


3-3706 


38*4 


120*64 

• 


1158*12 


1474*56 


96623*104 


6-1967 


3-3737 


38-5 


120-95 


1164-16 


1482-25 


57066*625 


6-2048 


3-3767 


38-6 


121*27 


1170*21 


1489*96 


57512*456 


6-2129 


3-3797 


38*7 


121*58 


1176-28 


149769 


57960-603 


6*2209 


3*3825 


38*8 


121*80 


1182*37 


1505*44 


58411*072 


6*2289 


3*3854 


38*9 


122*21 


1188*47 


1513-21 


58863-860 


6-2370 


3-3883 


39*0 


122*52 


1194-59 


1521*00 


59319-000 


6-2450 


3*3912 


39*1 


122*84 


1200-72 


1528*81 


59776*471 


6-2530 


3*3941 


39*2 


123*15 


1206*87 


1536-64 


60236*288 


6-2610 


3*3970 


39*3 


123-46 


1213-04 


1544-49 


60698*457 


6-2689 


3*3999 


39*4 


123-78 


1219-22 


1552*36 


61162-984 


6-2769 


3-4028 


39*5 


124-09 


1225-42 


1560*25 


61629^875 


6-2849 


3*4056 


39*6 


124-41 


1*231-63 


1568*16 


62099*136 


6-2928 


3-4085 


39*7 


124*72 


1237-86 


1576-09 


62570*773 


6-3006 


3-4114 


39*8 


12504 


1244-10 


158404 


63044*792 


6*3087 


3-4142 


39*9 


125*35 


1250-36 


1592-01 


63521-199 


6-3166 


3-4171 


40*0 


125-66 


1264-64 


1600-00 


64000-000 


6-3245 


3-4200 


40*1 


125*98 


1293-93 


1608*01 


64481*201 


6-3325 


3*4228 


40*2 


126-29 


1223-23 


1616*04 


64964*808 


6-3404 


3*4256 


40*3 


126-61 


1256*56 


1624-09 


65450-827 


6*3482 


8*4285 


40*4 


126-92 


1297*90 


1632*16 


65039*264 


6-3561 


8*4313 


40*5 


127*23 


1288-25 


1640*25 


66430*126 


6*3639 


3*4341 


40*6 


127*55 


1294-62 


1648-36 


66923-416 


6-3718 


3-4370 


40*7 


127-86 


130100 


1656-49 


67419-143 


6-3796 


3*4396 


40*8 


128-18 


1307*41 


1664*64 


67911*312 


6-3875 


8*4426 


40*9 


128-49 


1313*82 


1872-81 


68417-929 


6-3953 


3*4454 
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TABLE 27.— MATHEMATICAL TABLES.— Cbn/i«M«ct 
iroamference and area of circles, squares, onbes, square and cnbe roots. 



o 



41-0 
41*1 
41-2 
41-3 
41-4 

41*5 
41*6 
41*7 
41*8 
41*9 

42*0 
42*1 
42*2 
42*3 
42*4 

42*5 
42*6 
42*7 
42*8 
42*9 

43-0 
43*1 
43*2 
43*3 
43*4 

43*5 
43*6 
43*7 
43*8 
43*9 

44*0 
44*1 
44*2 
44*3 
44*4 

44*5 
44*6 
44*7 
44*8 
44-9 

45*0 
45*1 
45*2 
45*3 
45-4 

45*5 
15-6 
45*7 
45*8 
'1*9 



128*81 
129*12 
129*43 
129*75 
130*06 

130*38 
130-69 
131-00 
131-32 
131*63 

131-95 
132-26 
132*58 
132-89 
133-20 

133-52 
133-83 
134*15 
134*46 
134*77 

135*09 
135*40 
135-72 
136-03 
136-35 

136-66 
136-97 
137-29 
137-60 
137-92 

138-23 
138-54 
138-86 
139-17 
139*49 

139*80 
140-12 
110-43 
14074 
141-06 

141*37 
141-69 
142-00 
142-31 
142-63 

142*94 
143*26 
143-57 
143*88 
144-20 



T — 

4 



1320*25 
1326*70 
1333-17 
1339*65 
1346*14 

1352-65 
1359*18 
1365*72 
1372*28 
1378-85 

1385-44 
1392-05 
1398-67 
1405-31 
1411-96 

1418-63 
1425-31 
1432-01 
1438-72 
1445-45 

1452*20 
1458*96 
1465-74 
147-2-64 
1479-34 

1486-17 
1493-01 
1499-87 
1506-74 
1513-63 

1520-53 
1527*45 
1534*39 
1541-31 
1548-30 

1555*28 
1562*28 
1569*30 
1576-33 
1583*37 

1590*43 
1597-51 
1604-60 
1611-71 
1618-83 

1625-97 
1633-13 
1640*30 
1647-48 
1654-68 



681-00 
689-21 
697-41 
705-69 
713*96 

722-25 
730-56 
738-89 
747-24 
755-61 

764-00 
772-41 
780-84 
789-29 
797-76 

806-25 
814-76 
823-29 
831-84 
840-41 

849-00 
857-61 
866-24 
874-89 
883-56 

892-25 
900-96 
900-69 
918-44 
927-21 

936-00 
944-81 
953-64 
902-49 
971-36 

960*25 

989*16 

998*09 

2007-04 

2016-01 



2025-00 
2034-01 
2043*04 
2052-09 
2061-16 

2070-25 
2079-36 
2068-49 
2097-64 
2106-81 



68921*000 
69426*531 
609^*528 
70444-997 
70957-944 

71473-375 
71991-296 
72511713 
73034-632 
73560-050 

74088-000 
74618-461 
75151-448 
75686-967 
762*25-024 

76765-625 
77308-776 
77854-483 
78402-752 
78953-589 

79507-000 
80062-991 
80621-568 
81182*737 
81746-504 

82312*875 
82881*856 
83453*453 
84027*672 
84604*519 

85184-000 
85766-121 
86350*888 
86938*307 
87528-3^ 

88121-125 
88716-536 
89314-623 
89915*392 
90518*849 

91125-000 
91733*851 
92345 408 
92959*677 
93576*664 

94196-375 
94818*816 
95443*993 
96071*912 
96702*579 



V« 



6*4031 
6*4109 
6*4187 
6*4265 
6*4343 

6*4421 
6*4496 
6-4575 
6-4653 
6-4730 

6-4807 
6-4884 
6-4961 
6-5038 
6-5115 

6-5192 
6-5268 
6-5345 
6-5422 
6-5498 

6-5574 
6-5651 
6-5727 
6-5803 
6-5879 

6-5054 
6*6030 
6-6106 
6*6182 
6*6257 

6*6333 
6*6408 
6*6483 
6*6558 
6*6633 

6*6708 
66783 
6*6858 
6*6933 
6*7007 

6*7082 
67156 
6*7231 
6-7305 
6*7379 

67454 
6-7528 
6*7602 
6*7676 
67749 



V" 



3-4482 
3*4510 
3*4538 
3*4566 
3*4594 

3*4622 
3*4650 
3*4677 
3*4705 
3*4733 

3-4760 
3*4788 
3-4815 
3-4843 
3-4870 

3-4898 
3-4925 
3-4952 
3-4960 
3-6007 

3-5034 
3-5061 
3-5088 
3-5115 
3-5142 

3-5169 
3-519J 
3-5223 
3-5250 
3-5277 

3-5303 
3-5330 
3-5357 
3-5384 
3-5110 

3*5437 
3-5163 
3-5490 
3-5516 
3-5543 

3-5569 
3*5595 
3-5621 
3-5648 
3-5674 

3-5700 
3-5726 
3-5752 
3*5778 
3*5805 
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TABLE 27.— MATHEMATICAL TABLED.— Continued, 
Gircumf erenoe and area of circles, squares, cubes, square and cube roots 



n 


xn 

o 


'7 

• 


n« 


n» 


\/» 


K/n 


46*0 


144*51 


1661*90 


2116*00 


97336*000 


6*7823 


3-5830 


461 


144-83 


1669*14 


2125*21 


97972*181 


6*6897 


3-5856 


46-2 


145*14 


1676-39 


2134*44 


96611*128 


6*7971 


3*6882 


46*3 


145 46 


1683-05 


2143-69 


99252-847 


6*8044 


3*5908 


46'4 


145*77 


1690-93 


2152*96 


99697*344 


6*8117 


3*5934 


46*5 


146*08 


1698*23 


2162*25 


100544*625 


6-8191 


3-5960 


46*6 


146*40 


1706*54 


2171-56 


1011^*696 


6*8264 


3*5986 


46*7 


146*71 


1712 87 


2180*89 


101847*563 


6*8337 


3*6011 


46*8 


14703 


1720-21 


2190-24 


102503*232 


6*8410 


3*8037 


46-9 


147*34 


1727*67 


2199*61 


103161*709 


6*8484 


3*6063 


47-0 


147*65 


1734*94 


2209*00 


103823*000 


6-8556 


3*6088 


47*1 


147*97 


1742*34 


2218*41 


104487*111 


6-8629 


3*6114 


47*2 


148-28 


1749-74 


2227*84 


106154*048 


6*8702 


3*6139 


47*3 


148-60 


1757*16 


2237*29 


ia')8ffi*817 


6*8775 


3*6165 


47*4 


148*91 


1764*60 


2246*76 


106496*424 


6*8^7 


3*6190 


47*5 


149*23 


1772-05 


2256-25 


107171-875 


6-8920 


3-6216 


47*6 


14954 


1779*52 


2265*76 


107850*176 


6*8993 


3-6241 


47*7 


149-85 


1787*01 


2275-29 


106531*333 


6-9065 


3*6267 


47*8 


150*17 


1794-51 


2284*84 


109216*352 


6*9137 


3-6292 


47*9 


150*48 


1802-03 


2294-41 


109902-239 


6*9209 


3-6317 


48*0 


150*80 


1809*56 


2304*00 


110502-000 


6*9282 


3-6342 


48*1 


151*11 


1817*11 


2313*61 


111284*641 


6*9364 


3-68K8 


48*2 


151*42 


1824*67 


2323-24 


111980168 


6-9426 


3-6393 


48-3 


151*74 


1832**25 


2332*89 


112678*687 


6*9498 


3-6418 


48*4 


152*05 


1839-84 


2342*56 


113379*904 


6*9570 


3-6443 


48*5 


152*37 


1847*45 


2352-25 


114084-125 


6*9642 


3*6468 


48*6 


152*68 


1855*08 


2361*96 


114791*256 


6*9714 


3*6493 


48-7 


153*00 


1862*72 


2371*69 


116501*303 


6*9785 


3*6518 


48-8 


153*31 


1870-38 


2381*44 


116214*272 


6*9857 


3*6543 


48*9 


153-62 


1878-05 


2391*21 


116930*169 


6*9928 


3*6568 


490 


153-94 


1885*74 


2401-00 


117649*000 


7*0000 


3-6593 


49-1 


154-25 


1893*45 


2410-81 


118370*771 


7*0071 


3-6618 


49*2 


154*67 


1901*17 


2420*64 


119095-488 


7*0143 


3-6643 


49*3 


154*88 


1908*90 


2430*49 


119823*167 


7*0214 


3*6668 


49*4 


155*19 


1916*65 


2440*36 


120553*784 


7*0285 


3*6692 


49*5 


155*51 


1924*42 


2450*25 


121287*376 


7*0356 


3*6717 


49*6 


155*82 


1932*21 


2460*16 


122023*936 


7*0427 


3-6742 


49*7 


156*14 


1940*00 


2470*09 


122763*473 


7*0498 


3*6767 


49*8 


156*45 


1947*82 


2480-04 


123505*992 


7*0569 


3*6791 


49-9 


156*77 


1955*65 


2490*01 


124261*499 


7*0640 


3-6816 


50*0 


157*08 


1963*50 


2500 00 


125000-000 


7*0711 


3-6840 


51*0 


160*22 


2042-82 


260100 


132651*000 


7*1414 


3-7084 


52*0 


163*36 


2123-72 


2704*00 


140606*000 


7*2111 


3-7325 


63*0 


166*50 


2206*19 


2809*00 


148877*000 


7*2801 


3-7563 


54*0 


169-64 


2290*22 


2916*00 


157464*000 


7*3485 


3*7798 


55*0 


172*78 


2375-83 


302500 


166375-000 


7*4162 


3*8030 


56*0 


175*93 


2463*01 


3136-00 


175616-000 


7*4833 


3*8259 


670 


179*07 


2551*76 


3-349*00 


186193*000 


7*5498 


3*8485 


58*0 


182*21 


2612-08 


3364 00 


195112*000 


7*6158 


3-8709 


59-0 


185*35 


2733-97 


3481*00 


205379*000 


7*6811 


3*8930 
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TABLE 27 
CSremnfcreiioe 



-MATHEMATICAL TABLES.— Conimued. 
area of circles, aqaares, cubes, square and cube roots. 



60D 
61*0 
62-0 
63-0 
64*0 

65-0 
66-0 
67-0 
6K-0 
€9-0 

70*0 
71-0 
720 
73-0 
740 

75*0 
760 
770 
78*0 
790 

80-0 
81-0 
82*0 
83-0 
84*0 

85-0 
86-0 
87*0 
880 
89-0 

90-0 
91*0 
92-0 
93*0 
940 

95-0 
96*0 
97-0 
98*0 
99*0 

1000 



O 



188*49 
191*63 
194-77 
197*92 
201*06 

204-20 
207*34 
210-48 
213*63 
216*77 

219*91 
223*05 
226-19 
229*33 
232*47 

235*62 
238-76 
241*90 
245-:^ 
248*18 

251-32 
254*47 
257*61 
26075 
263*89 

267-03 
270*17 
273*32 
276*46 
279*60 

282-74 
285-88 
289-02 
292-17 
295-31 

296*45 
301*50 
304*73 
807*87 
811*02 

314*16 



2827-44 
2922-47 
3019-07 
3117-25 
3216-99 

3318*31 
3421-20 
3525-66 
3631-69 
3739*29 

3818-46 
3959-20 
4071-51 
4185-39 
4300-85 

4417*87 
4536-47 
4656-63 
4778-37 
4901-68 

5026-56 
5153-01 
5281-03 
5410-62 
5541-78 

6674-50 
5808*81 
5944*69 
6082*13 
6221*13 

6361*74 
6503*89 
6647*62 
6792*92 
6939*78 

7088*23 
7238*24 
7389*83 
7542-98 
7697*68 

7854*00 



3600*00 

3721-00 
3814*00 
3969D0 
4096*00 

4225*00 
4356-09 
4489-00 
4624-00 
4761*00 

4900*00 
5041*00 
5184*00 
5329-00 
5476*00 

5625-00 
5776*00 
5929*00 
6084-00 
6241-00 

6100-00 
6561*00 
6724-00 
6889-00 
7056-00 

7225-00 
7396-00 
7569-00 
7744-00 
7921-00 

8100-00 
8281-00 
84^-00 
8649*00 
8836-00 

9025*00 
9216*00 
9409-00 
9604*00 
9801*00 

100000-00 



2100001100 

22e961tX» 
238328*000 

250O47tXn 
262144-000 

274625-000 
287496*000 
30O7631WO 
314432-900 
328509*000 

343000-000 
357911-000 
373248-000 
389017-000 
405224-000 

421875-000 
438976-000 
456533*000 
474552-000 
493039-000 

512000-000 
531441*000 
551368*000 
571787*000 
592704-000 

614125*000 
636056-000 
658503*000 
681472*000 
704969*000 

729000*000 
753571*000 
778688*000 
801357*000 
830584*000 

857375*000 
884736*000 
912673-000 
941192*000 
970299*000 

1000000-000 



7-7460 
7-8102 
7*8740 
7*9373 
8-0000 


8-9149 
3*9965 
3*9579 
3*9791 
4t)000 


8-0623 
8-1240 
8-1854 
8-2462 
8*3066 


4*0207 
4-0112 
4*0615 
4*0817 
4-1016 


8*3666 
8*4261 
8*4853 
8*5440 
8*8023 


4-1213 
41408 
4*1602 
4-1793 
4*1983 


8*6603 
8*7178 
8*7750 
8-8318 
8-8882 


4-2172 
4*2358 
4*2543 
4*2727 
4*2908 


8-9443 
9-0000 
9*0554 
-91104 
91652 


4-3089 

4-3267 
4-3445 
4-3621 
4-3795 


9-2195 
9*2736 
9-3274 
9-3808 
9*4340 


4*3968 
4-4140 
4*4310 
4*4480 
4*4647 


9*4868 
9*5394 
9*5917 
9*6437 
9*6954 


4*4814 
4*4979 
4*5144 
4*5307 
4-5468 


9*7468 
9-7980 
9*8489 
9*8995 
9-9499 


4-5629 
4-5789 
4*5947 
4*6104 
4*6261 



10*0000 



ViT 



4*6416 



Approximately Va*± * ^ «± 2a ""^ %Ja*±b^a± 



3a' 
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TABLE 28.— FORMUUE FOR MENSURATION OF 
AREAS AND SOLID CONTENTS. 

1.— Tkiangle. 
Area= - x base x height. 

If all the sides, a, b, care known and half their sum is represented 
by 8, so that s = ^"^^^^ then 



A= V* («-«)(* - b) {8 - c) 

2.— Circle. 
Area of circle, if £?» diameter r = radius and ^»3*14159 

A=~d»=r» ir.../|.=0-7854\ 

d=112838VA 
Area of segment of circle of an arc of a^ 

A = (-|,1^-sina^-^ 
\360 / 2 

Or, if « is the length of the chord and h the height of the segment 
approximately 

A=A(3A»+4««) 

08 



Sector of circle area of a sector of the arc a® is 

360 



A = _^_-r« T 



3.— Cone and Pyramid. 

1 

Solid content: S—ol>&s6x height. 

Area of convex surface of right cone : When «=side of cone= 
fjr^ + h'^f where r= radius of base and A = height of cone, the area of 

convex surface will be 

A= vrs. 

4.— Cylinder. 

Area of convex surface A=2 rr A. 
Content of cylinder S = base x height. 

6.— Sphere. 

Convex surface A = 4 ir r * 

Surface of segment A=2 ir r h, h= height of segment 

SoHd content of sphere S=ir3 r =4-1888r» 
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Solid content of sphere 8=^rd*=0'5Q36d* 

Radius r=0-62035^content 

Content of sesnnent of sphere : If a is the radius of the sectional 
area, h the hei^t of the segment, and r the radius of the sphere, 

S-txA(3a«+A«) 

D 

-LirA«(3r-A) 

Solid content of spherical zone : If a and b are the respectiire 
radii of the two terminal surfaces, and h the height, 

S-lxA (3a* + 36«+A«) 
o 



TABLE 29.— WEIGHTS AND MEASURES OF DIFFERENT 

COUNTRIES. 

1. Metric System (compulsory in France, Germany, Austria, 
the Netherlands, Belgium, Luzembours, Switzerland, Italv, Greece, 
Turkey, Roumania, Spain, Portugal, and most of the South 
American Republics ; optional in Great Britain and the United 
States. 

1 metre (m.)=443'296Parislignes=3'280899 English feet =3* 18620 
Prussian feet— 1*00000301 metre des archives. 

1 kilometre (km. ) — 10 hectometre (hm.) =0*6214 English mile=: 
01328 Prussian mile=0*9375 Russian yer3t=0'5390 nautical 
mile=0'1347 geographical mile (15 to 1 degree of longitude). 

1 lieue (France) =1 myriametre=10 km. 

1 German meile=7i km. =0*996 Prussian mile =4 '66 English 
miles. 

1 hectare (ha.) = 100 ares (a.) = 10,000 qnL=0*OI qkm.=2-471 
English acres— 3*9166 Prussian morgen. 

1 litre (l.)-OOOl cbm. = 1,000 ccm. =0*2201 gallons -0*87334 
Prussian quart. 

1 hectolitre (hl.)=0*l cbm. =100 L= 22 01 gallons= 1*81946 
Prussian scheffel. 

1 kilogramme (kg. ) = 1,000 g. = weight of 1 litre of water at + 4° C. 
=2 German and Swiss pounds (zollpfund) =0*999999842 kilo- 
gramme prototype =2*2046 pound avoirdupois =1*7857 Austrian 
pound=2*3511 Swedish pounds=2'4419 Russian pounds. 

1 gramme (g.)= 15*432 grains (English). 

1 quintal=100 kg. = 196*841b. avoirdupois =lcwt 3qr. 0'84lb. 

1 metrical ton=l,000 kg. =0*9842 English ton=l'1023 American 
ton (at 2,0001b). 

2. Great Britain and Ireland. 
1 foot=0*3047943 m. 
1 inch=25'3995 mm. 
1 vard=0'9143835 m. 
1 fathom =2 yards. 
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1 rod (pole, perch) =5 J yards =5 '029100 m. 

1 statute mile=8 furlongs=320 poles=l,760 yards=5,280 feet 

1*6093 km. 
1 nautical mile=i\yth degree (at the equator). 

6,082*66 feet=:1854'96 m. 
1 acre=4 roods=160 poles=0' 40467 ha. 
1 square mile =640 acres. 

1 gallon=4 quarts=8 pints=277*274 cuhic inches=4'536 litres. 
1 cubic foot =28*3153 1. 
1 cubic inch =16 '3862 ccm. 

1 qaarter=8 bushels=32 pecks=64gallons=2'903 hi. 
1 bushel=8 gallon8=0'3628 hi. 
1 fluid-ounce =7^^ pint=28'35 ccm. 
1 pound avoirdupois (lb. ) = 16ounces(oz. ) =7, OOOgrains =0*4535926 

kg. 
1 ounce avoirdupois =437 J grains =28 '35 g. 
1 gallon=10lb. water=70000 grains 
1 hundredweight (cwt)=4 quarters (qr.)=8 stones =1 121b. «= 

50*8024 kg. 
1 ton=20cwt.=2,240lb. =1016*648 kg. 

Apothecaries^ Weight. 
1 pound troy=12 ounces troy =96 drams =288 scruples=5,760 

grains= 373*24195 g. 
1 ounce troy=8 drams=24 8cruples=480 grains=31'1035 g. 
1 ounce troy (for gold and precious stone8)=20 pennyweight 

(dwt.)=480 grains. 
1. grain (common to avoirdupois and troy weight)= 0*06479895 g. 

3. Austria (old measures and weights now abolished for the metric 

system). 
1 foot =0*316102 m., at 12 inches of 12 lines each. 
3 ruthen-5 klafter=30 feet =360 zoU. 
1 meile = 4000 klaf ter = 7586 '455 m. 
1 maa8s= 1*415 1. 
1 eimer = 40 maass = 160 seidel. 
1 metze= 61 -49951. 
1 Wiener pfund= 560*012 g. 
1 centner = 5 stein = 100 pfund = 3200 loth. 

4. Denmark and Norway employ as unit of measure the Prussian 

foot, as unit of weight the units of the metrical system, viz. 
kilos., etc. 

5. Prussia (old system). 

1 foot (Rhenish foot) = 12 zoU (inches) =144 linien= 0*313853 m. 

1 ruthe = 12 fuss =3 76624 m. 

1 lachter (fathom) =80 zoll- 2*09326 m. 

1 meile-24,000 fuss = 7,632*5 m. 

1 morgen=180 square ruthen= 0*2553 ha. 

1 quart=64 cubic inches=9V cubic foot= 1*14503 1. 

1 8cheflel=16 Metzen=48 quarts =0*54961 hi. 

1 tonne'-4 scheffel- 2*19846 hi. 

1 klafter- 108 cubic fuss=3-3389 cbm. 

1 schachtruthe=144 cubic fuss =4 -4519 cbm 

1 pfund =30 loth -300 quentchen=500 g. 
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1 centner =100 pfiind-50 kg. (Formerly 1 pfund=32 lotli= 
467*711 g: 1 centner =110 pfund.) 

6. KussiA. 

1 foot=l English foot. 

1 sashehn=7 feet=3arshin=-12tclietvert=-48 vershok=2*13357 m. 

1 ver8t=600 sashelm=1066*78 m. 

1 des8atine=2400 square sashehns = 10925 m. 

1 vedro=10 krushky (stoof)=12-299 1. 

1 tchetvert=l osmini=4 payok=8 tchetverik=209'9 1. 

1 poand=32 loth=96 solotnik=92i6 doli =409-531 g. 

1 berkovets=10 pud=400 pounds=163*81 kg. 

1 pud=40 pound8=16-3805 kg. 

7. Sweden. 

1 foot=10 zoll (inches)=100 lines =0*296901 ni. 

1 famn (fathom)=3 alnar (ells)=6 feet=l*7814 m. 

1 mile= 6000 fathom8= 10*6884 km. 

1 kanne=100 cubic inches =2 '617 1. 

1 8kalpund=100 korn (at 100 art) =425 '3395 g. 

1 centner =100 akalpund. 

1 skipspund=20 liespund=400 skalpnnd. 

8. Switzerland. Metrical measure and weight. Sometimes there 

is still employed : 
1 fuss=0-3000 m. 
1 juchart=36 a. 
1 maass=l*51 1. 
1 saum=100 maas=151 1. 

9. United States. Weights and measures as in Great Britain, but 

alongside the " long ton" of 2,2401b. more frequently the ** short • 
ton" of 2,0001b. =907*1852 kg. =0*89285 long ton is employed. 



Square Feet, Square Metre. 
1 square metre (qm. ) = 10*764 square feet (English and Russian) = 

10*008 square feet (Austrian) =10 '152 square feet (Prussian and 

Danish) = 11*344 square feet (Swedish). 
1 square foot (English and Russian) =0*09290 square metre. 

Cubic Feet, Cubic Metre. 
1 cubic metre (cbm.)=35*316 cubic feet (English and Russian). 
1 „ „ =31*66 „ (Austrian). 

1 ,, „ =32*346 „ (Prussian and Danish). 

1 „ „ =38-209 „ (Swedish). 

1 cubic foot (English and Russian) =0*028315 cubic metre. 

1 Kilogramme per Running Metre. 



=0*6719 English pound per running foot. 
=0*6277 zollpfuna per Prussian foot. 

Kilogramme per Square Centimetre. 

(for steam pressure) 
=14*233 English pounds per square inch. 
= 13*681 zollpfuna per Prussian square inch. 
= 13*878 zollpfund per Austrian square inch. 



65 



Horse Powers. 



kg-m. 


Austria, 
foot-pounds 


Prussia, 
foot-pounds 


England, 
foot-pounds 


Sweden, 
foot-pounds 


Russia, 
foot-pounds 


75 
76-041 


474-53 
481-11 


477*93 
4^*56 


542*47 
550 


503*90 
60214 


600-85 
609*19 



75 kilogram-metres taken as unit. 
550 Engush foot-pounds taken as unit. 
=1 Admiralty horse power. 



30,— TABLES FOR REDUCING ENGUSH TO METRICAL 
WEIGHTS AND MEASURES, AND VICE VERSA. 

REDUCTION OP METRICAL MEASURE TO ENGLISH MEASURE 



Meter. 
Sqr.-M. 
Cub.-M. 


Feet. 


Inches. 


Square 
Feet. 


Square 
Inches. 


Cubic 
Feet 


Cubic 
Inches. 


1 
2 
3 
4 
5 

6 

7 
8 
9 


3*2809 

6*5618 

9*8427 

13*1235 

16*4044 

19*6853 
22-9662 
26*2471 
29*5280 


39*3706 

73*7412 

118*1118 

157*4824 

196*8530 

236-2237 
275-5943 
314*9649 
354*3355 


10*7642 
21*5284 
32-2926 
43*0568 
53*8210 

64*5852 
75*3494 
86*1136 
96*8778 


1550-05 
3100-09 
4650*13 
6200-18 
7750-23 

9300-27 
10850*31 
12400-36 
13950*40 


35-3161 

70*6322 

105-9483 

141*2644 

176*5805 

211*8966 
247*2126 
282*5287 
317*844« 


61026*2 
122052*4 
183078-6 
244104*9 
305131*1 

366157-3 
427183*5 
488209*7 
549235*9 









ENGLISH FEET 


•=METRES. 








Ft. 





1 


2 


3 


i 


5 


6 


7 


8 


9 





0*0000 


0*3048 


0*6096 


0*9144 


1*2192 


1*5240 


1*8288 


2*1336 


2*4384 


27432 


10 


3*0479 


3*3527 


3*6575 


3*9623 


4*2871 


4*5719 


4*8767 


5*1815 


5*4863 


5*7911 


20 


60959 


6-4007 


6*7055 


7-0103 


7*3151 


7*6199 


7*9247 


8*2295 


8*5342 


8*839& 


30 


9*1438 


9-4486 


9*7534 


10-058 


10-363 


10*668 


10-973 


11*277 


11*582 


11.887 


40 


12*192 


12-497 


12*801 


13*106 


13*411 


13-716 


14-021 


14-325 


14-630 


14*935 


50 


15*240 


15*545 


15-849 


16*154 


16*459 


16*764 


17*068 


17*373 


17-678 


17*983^ 


60 


18*288 


18*592 


18*897 


19-202 


19*507 


19*812 


20*116 


20*421 


20*726 


21*031 


70 


21*336 


21*640 


21*945 


22*250 


22-555 


22*860 


23164 


23*469 


23*774 


24*079^ 


80 


24*384 


24*688 


24*993 


25*298 


25 603 


25*906 


26-212 


26*517 


26*882 


27*127 


90 


27*132 


27*736 


28-041 


28*346 


28*651 


28*955 


29*260 


29-565 


29-870 


30*175^ 


100 


30*479 


30 784 


31*069 


31*394 


31*699 


32003 


32-308 


32-613 


32-918 


33*223 


110 


33*527 


33*832 


34*137 


34*442 


34-747 


35-051 


35*356 


35-661 


35*966 


36*271 


120 


36*575 


36*880 


37*185 


37-490 


37*795 


38-099 


38*404 


38-709 


39*014 


39*318 


130 


39*623 


39-928 


40*233 


40*538 


40*842 


41*147 


41*462 


41*757 


42*662 


42*366 


140 


42*671 


42-976 


43-281 


43*586 


43-890 


44-195 


44*500 


44-805 


45*110 


45*414 


150 


45*719 


46*024 


46829 


46*634 


46*938 


47-243 


47*548 


47-853 


48*158 


48-462 


160 


48767 


49*072 


49*377 


49*642 


49*966 


50-291 


50*506 


60-901 


51*205 


51-510 


170 


61*815 


52-120 


52-425 


52*729 


53*034 


53-339 


53*664 


53-943 


54-253 


54-558 


1H0 


54*863 


55*168 


65-473 


56*777 


66*062 


56*387 


56*602 


66-997 


57*301 


57-606 


190 


57*911 


58*216 


58*521 


58*825 


59*130 


59*435 


59*740 


60*0i5 


60*349 


60-654 
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ENGLISH INCHES=METRES. 



In. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


50 


1*2700 


1-2954 


1*3208 


1*3482 


1-3716 


1*3970 


1*4224 


1*4478 


1*4732 


1*4986 


60 


1*5240 


1*5494 


1*5748 


1*6002 


1*6256 


1*6510 


1*6764 


1-7018 


1*7272 


1*7526 


70 


1*7780 


1*8034 


1*8288 


1*8542 


1-8796 


1*9050 


1*9304 


1-9558 


1*9812 


2*0066 


80 


2*0320 


2*0574 


2*0628 


2*1082 


2*1336 


2*1590 


2*1844 


2*2098 


2*2352 


2*2006 


90 


2-2860 


2*3114 


2*3368 


2*3622 


2*3878 


2-4130 


2-4384 


2-4638 


2-4892 


2*5146 


ion 


2*5400 


2*5654 


2*5008 


2-6162 


2*6416 


2-6870 


2-6924 


27178 


2*7432 


2*7685 


110 


2*7939 


2*8193 


2*8447 


2*8701 


2*8955 


2-9209 


2*9463 


2*9717 


2*9971 


3-0225 


120 


3-0479 


3*0733 


3*0987 


3*1241 


31495 


3*1749 


3*2003 


3-2257 


3*2511 


3*2765 


130 


3*3019 


3*3273 


3*3527 


3*3781 


3*4035 


3*4289 


3*4543 


3*4797 


3*5051 


3*5305 


140 


3*5559 


3*5813 


3*6067 


3*6321 


3-6576 


3*8829 


3*7063 


37337 


3*7591 


3*7845 


150 


3*8099 


3*8353 


3*8807 


3*8861 


3*9115 


3*9389 


3*9623 


3*9877 


4*0131 


4*fl:«5 


160 


4*0639 


4*0693 


4*1147 


4*1401 


41655 


4*1909 


4*2163 


4*2417 


4*2671 


4*2925 


170 


4*3179 


4*3433 


4*3687 


4*3941 


4*4195 


4*4449 


4*4703 


4-4957 


4*5211 


4*5465 


180 


4*5719 


4*5973 


4*8227 


4*6481 


4*6735 


4*6989 


4*7243 


4*7497 


47751 


4*8005 


190 


4*8259 


4*8513 


4*8767 


4-9021 


4*9275 


4*9529 


4-9783 


5*0037 


5*0291 


5-0545 



ENGLISH SQUARE FE£T=SQUARE METRES. 



Sq. 
Feet 





1 


2 


3 


4 


5 


8 


7 


8 


9 



10 
20 
30 
40 


0*0000 
0-9290 
1*8580 
2*7870 
37160 


0*0929 
1*0219 
1*9509 
2*8799 
3-8089 


0*1858 
1*1148 
2*0438 
2*9728 
3*9018 


0*2787 
1-2077 
2*1387 
3*0857 
3*9947 


0*3718 
1*3008 
2*2296 
3*1586 
4*0676 


0*4645 
1*3935 
2*3225 
3-2515 
4*1805 


0*557i 
1*4884 
2*4154 
3*3444 
4*2734 


0*8503 
1*5793 
2*5083 
3*4373 
4*3863 


0*7432 
1*8722 
2*6012 
3*5302 
4*4592 


0*8361 
1*7651 
2*6041 
3-6231 
4-5521 


50 
60 
70 
80 
90 


4-6450 
5*5740 
6-5030 
7*4320 
8*3610 


4*7379 
5*6869 
6*5959 
7*5249 
8*4539 


4*8306 

5*7506 
6*6KHH 
7*8178 
8*5468 


4-9237 
5-8527 
67817 
7*7107 
8*8397 


5*0186 
5*9456 
6*8748 
7*8038 
8*7326 


5*1095 
6*0385 
6*9875 
7*8965 
8*8255 


5*2024 
6*1314 
7-0604 
7*9894 
8*9184 


5*2953 
6-2243 
7*1533 
8*0823 
9*0113 


5*3882 
6*3172 
7*2462 
8*1752 
9*1042 


5-4811 
6-4101 
7-3391 
8*2881 
91971 



ENGLISH SQUARE INCHES=SQUARE CENTIMETRES. 



Sq. 
Ins. 





1 


2 


3 


4 


5 


8 


7 


8 


9 



10 
20 
30 
40 

50 
60 
70 
80 
90 


0-ooco 

64*514 
129*03 
193*54 
25805 

322-57 
387*06 
451*60 
516*11 
580*62) 


6*4514 
70*985 
135*48 
199*99 
284*51 

329-02 
393*53 
458-05 
522*56 
587*07 


12-903 
77*416 
141*93 
208*44 
270*98 

335*47 
399*98 
464*50 
529-01 
503-53 


19-354 
83-868 
148-38 
212-90 
277-41 

341-92 
406-44 
470-95 
535-46 
599-98 


25-805 
90*319 
154*83 
219*35 
283-88 

348*37 
412-89 
477*40 
541*91 
606*43 


32-257 
96771 
181-28 
225-80 
290-31 

354-83 
419-34 
483-85 
548-37 
612-88 


38*708 
103*22 
167*74 
232*25 
29678 

361*28 
425*79 
490*30 
554-82 
619-33 


45*180 
109*67 
174*19 
238*70 
303*21 

367*73 
432*24 
498*76 
561*27 
625*78 


51-611 
116*12 
180*64 
245*15 
309*67 

374*18 
438-69 
503-21 
567*72 
632-23 


58*062 
122*58 
187*00 
251-60 
316-12 

380-63 
445-14 
509-60 
574*17 
6S81» 
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ENGLISH CUBIC FEET = CUBIC METRES. 



Cub. 
Feet 





1 


2 


3 


4 


5 


6 


7 


8 


9 





0-0000 


0*0283 0*0566 


0-0849 


0*1133 


0*1416 


0*1699 


0*1982 


0*2265 


0*2548 


10 


0*2832 


0*3115 


0*3396 


0*3681 


0*3964 


0-4247 


0*4530 


0*4814 


0*5097 


0*5380 


20 


0*5663 


0*5946 


0*6229 


0*6513 


0*6796 


0-7079 


0*7362 


0-7645 


0*7928 


0-8211 


30 


0*8194 


0*8778 


0*9061 


0-9344 


0*9627 


0-9910 


1*0194 


1-0477 


1*0760 


11043 


iO 


1*1326 


1*1609 


1*1892 


1*2176 


0-2459 


1*2742 


1*3025 


1-3308 


1*3591 


1*3875 


/iO 


14158 


1*4441 


1*4724 


1*5007 


1*5290 


1*5573 


1*5857 


1-6140 


1*6423 


1*6706 


flO 


1*6989 


1*7272 


1*7555 


1*7839 


1*8122 


1-8405 


1*8688 


1*8971 


1*9254 


1*9538 


70 


1*9821 


2*0104 


2-0387 


2*0670 


2*0953 


2*1236 


2*1520 


2*1803 


2*2066 


2*2369 


80 


2*2652 


2*2935 


2*3219 


2*3502 


2*3785 


2*4068 


2*4351 


2*4634 


2-4917 


2*5201 


90 


2*5481 


2*5767 


2*6050 


2*6333 


2*6616 


2*6900 


2*7183 


2-7466 


27749 


2*8032 



ENGTJSH CUBIC INCHES=CUBIC CENTIMETRES. 



Cub. 
Inch 





1 


2 


3 


4 


5 


6 


7 


8 


9 





0*0000 


16*386 


32*772 


49*159 


65*545 


81*931 


98*317 


114*70 


131*09 


147*48 


10 


163*86 


180*25 


196*63 


213-02 


229*41 


215*79 


262*18 


278*56 


294*95 


311*34 


20 


327*72 


344*11 


360*50 


376-88 


393*27 


409*65 


426*04 


442*43 


458*81 


475*20 


30 


491*50 


507*97 


524*36 


540-74 


557*13 


573*52 


589*90 


606-29 


622-67 


639*06 


40 


655*45 


671*83 


688*22 


704-61 


720*99 


737*38 


753*76 


77016 


786-54 


802*92 


50 


819*31 


835*69 


852*08 


868*47 


884*85 


901*24 


917*63 


934*01 


960-40 


966*78 


60 


983*17 


999-56 


1015*9 


1032*3 


10487 


1065*1 


1061-5 


1097-9 


1114*3 


1130*6 


70 


1147*0 


11634 


1179*8 


1196*2 


1212*6 


1229-0 


1245*3 


1261*7 


1278*1 


1294*5 


80 


1310*9 


1327*3 


1343*7 


1360*1 


1376*4 


1392*8 


1409*2 


1425*6 


1442*0 


1458*4 


90 


1474*8 


1491*1 


1507*5 


1523-9 


1540-3 


1566*7 


1573*1 1589*5 


1605*8 1622*2 



ENGLISH POUNDS=KILOGRAMMES. 



Lba 





1 


2 


3 


4 


5 


6 


7 


8 


9 





0*0000 


0-4536 


0*9072 


1*3608 1*8144 


2*2680 


2-7216 


3*1751 


3-6287 


4*0823 


10 


4*5359 


4*9895 


5-4431 


5*8967 


6-3603 


6-8039 


7-2575 


7*7111 


8*1647 


8-6183 


20 


9*0719 


9*5254 


9*9790 


10*433 


10-886 


11*340 


11*793 


12*247 


12*701 


13154 


30 


13-608 


14*061 


14-515 


14*969 


15-422 


15*876 


16*329 


16*783 


17*237 


17*690 


40 


18*144 


18*697 


19*051 


19*604 


19-958 


20*412 


20-865 


21-319 


21*772 


22*226 


SO 


22*680 


23*133 


23*587 


24-040 


24*494 


24*918 


25-401 


25*855 


26*308 


28-762 


00 


27*216 


27*669 


28123 


28*576 


29*030 


29*484 


29-937 


30-391 


30-844 


31*296 


70 


31*751 


32*205 


32-669 


33*112 


33*566 


34*019 


34*473 


34*927 


35*380 


35*834 


80 


36*287 


36*741 


37*195 


37-648 


38-102 


38*555 


39*009 


39*463 


39-916 


40*370 


90 


40*823 


41*277 


41*731 


42*184 


42*638 


43*091 


43*545 


43*996 


44*452 44-906 

1 



F2 
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ENGLISH TONS=KILOGRAMMES. 



Tong. 



O'OOOO 


1 


2 


3 


4 


5 


6 


7 


8 


9 





1016 


2032 


3048 


4064 


5080 


6096 


7112 


8129 


9145 


10 


10161 


11177 


12193 


13209 


14225 


15241 


16257 


17273 


18289 


19305 


20 


20321 


21337 


22353 


23369 


24386 


25402 


26418 


27434 


28450 


29166 


30 


30482 


31498 


32514 


33530 


34546 


35562 


36578 


37594 


38610 


39627 


40 


40643 


41659 


42675 


43691 


44707 


45723 


46739 


47755 


48771 


49787 


50 


50803 


51819 


52835 


53851 


54868 


55884 


56900 


57916 


58932 


5994S 


60 


60961 


61980 


62996 


64012 


65028 


66014 


57060 


68076 


69092 


70108 


70 


71125 


72141 


73157 


74173 


75189 


76205 


77221 


78237 


79253 


80269 


80 


81285 


82302 


83317 


84333 


85346 


86366 


87382 


88398 


89414 


90430 


90 


91446 


92246 


93478 


94494 


95510 


96526 


97542 


98558 


99574 


100590 



31.— TABLE FOR REDUCING ENGLISH TO PRUSSIAN 
MEASURES AND VICE VERSA. 



English 
measure. 


Prussian 


measure. 


Prussian 
measure. 


English measure. 


Inch. 


Inches. 


Feet. 


Inch. 


Inches. 


Feet 


1 


0*971 


0*081 


1 


1-030 


0-086 


2 


1*942 


0-162 


2 


2*059 


0*172 


3 


2*913 


0*243 


3 


3069 


0-257 


4 


3*885 


0*324 


4 


4*119 


0*313 


5 


4*856 


0*405 


5 


5*149 


0*429 


6 


5*827 


0*486 


6 


6-178 


0-515 


7 


6*798 


0*566 


7 


7-208 


0-601 


8 


7-769 


0*647 


8 


8-238 


0-686 


9 


8*740 


0*728 


9 


9-267 


0*772 


10 


9-711 


0*809 


10 


10-297 


0*85S 


11 


10*682 


0*890 


11 


11-327 


0-944 


Foot. 






Foot. 






1 


11*654 


0^971 


1 


12-357 


1-030 


2 


23*307 


1*942 


2 


24713 


2*059 


3 


34*961 


2*913 


3 


37-070 


3-089 


4 


46*614 


3-885 


4 


49-427 


4-119 


5 


58-268 


4*856 


5 


61-783 


5-149 


6 


69-222 


5-827 


6 


74140 


6-178 


7 


81*575 


6-798 


7 


86-497 


7-208 


8 


93-229 


7-769 


8 


98*853 


8*238 


9 


104-883 


8-740 


9 


111*210 


9-267 



TABLE 32.— ¥fEIGHT OF SHEET METALS. 
WKI6HT or A SUFKRnClAL FOOT. 



•^.jWrooj^ fif StML Oomw. 






IncbeL 


Ub. 


iV 


2-S 


\ 


5iQ» 




7-96 






7-08 

r» 

U-72 



Ub. 



4-» ! 510 



Ui. 



i i*-r6 



a-78 
I U-7S 



UbL 



5-17 
i 13-67 



< Lb. 

I U-13 

i U-83 

I 18-ai 



2iic. 



Lb. 



j TtB 
U-72 



i 


15-16 




14-06 


! 15-31 


17-31 


! 16-41 


2rs 


14« 


iV 


17-68 




16-41 


■ 17-87 


; 20-23 


. 19-14 


^-06 


16-41 


i 


aK21 


1 


1875 


I 20-42 


23-13 


, 21-88 


2917 


. 1875 


A 


2273 


1 
1 


21-09 


. 22^ 


' 28te 


24« 


S-38 


2119 


i 


23-27 


1 


23-44 


25*52 


; 28^ 


■ 27-34 

» 

1 


37D8 


1 2314 


l« 


2779 


i 
1 


S78 


28-07 


31-80 


1 
30tl8 


4079 


»-«8 


1 


?ftSl 


• 
• 


28*13 


3063 


' 34-69 


32^ 


44-50 


2813 


n 


32-81 


• 
• 

i 


30-47 


3318 


37-58 


35-55 


48-21 


30-47 


fr 


35-87 


1 


32« 


3573 


40-47 


38-28 


51-92 


32«1 


M 


37-90 




»-16 


38-28 


43^ 


41-02 


5518 


35-16 


1 


10-42 


1 


37-50 1 


40-83 


46-25 


4375 


59-33 


37-aO 



TABLE 33.— COINAGE OF DIFFERENT COUNTRIES. 



lVerein8Tbaler(=l former ProssiiuiTbaler) , 

l6Tilden=100Nenkxeiizer 

1 Maria Tberesia Tbaler 

iDokaten , 

4 Gulden 6old=10 Francs; 8 Golden Gold=.0 Francs 
Bbxx^ium "^France. 

BBAZIIr— 

lMi]ieis»1.000Reale8 

Chtu— 

1 Peso = 100 Centav OS 

Denmark— 

1 Rig8bankdaler=6 Mark8=90 SkUlings 

1 Krone = 100 Oere 

Bast India— 

1 Rnpee=16 Annas 

BJOYPT — 

1 Bag of Gold=30,000 Piastres 

1 Piastre =40 Para 

Francb— 

1 Franc = 100 Centimes 

The 20-Franc piece contains 5-8065 g. fine gold 

The 5-Franc piece contains 22-5 g. fine silTcr 



Exact Value in 















273 










2 
1 
4 
9 



2 
3 



I 2 
1 



2 




15 

3 



11-24 

11*49 

1*46 

478 



3*48 

11-58 

2*67 
0-83 



10 

2-5 

0*516 
10*31 
11-58 
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TABLE 33:— COINAGE OF DIFFERENT COUNTRIES. 

Continued, 



German Empire— 

lMark=100Pfenni8r 

The 20-Mark piece contains 7*1685 ff. fine gold 

The 5-Mark piece contains 25 g. fine silver 
Great Britain— 

1 Ponnd Sterling contains 7*3224 g. fine gold 

1 Shilling contains 5*231 grms. fine silver 

Greece— 

1 Drachma=100 Iiepta=l Franc (=France) 

Italy— 

1 Lira=l Franc (=France) 

Japan— 

1 Silver ItzebTie=100 Cents 

1 Gold Yen 

lSaverYen=100Sen 

Mexico— 
1 Piastre (Peso. Mexican Dollar) =8 Reale8=100 Cents , 
1 Doblon = 16 Piastres , 

Netherlands— 

1 Guilder = 100 Cents 

IWillemsd'Or 

1 Ducat 

Norway— 

1 Krone=100 Gere , 

1 Species Daler=120 Skillings 

Persia— 

1 Toman=10 Keran , 

1 Rupee Silver , 

Peru— 
1 Sol (Peso)=10 Dineros=100 Centavos 

Portugal— 

1 MUreis (in accounts) 

1 Milreis (silver) 

1 Tostao=100 ReiB 

Roumania— 
1 Piastre=l Franc (France) 

Russia— 

1 Silver Rouble=100 Kopeks 

1 Half-Imperial =5 Rouble Gold = 5*9987 -g. fine gold 

1 Paper Rouble 

Servia— 
1 Dinar=l Franc (=France) 

Spain— 

1 Peseta=l Franc (=France) 

1 Duro (Spanish Dollar) = 2 Escudos = 5 Pesetas = 20 Reales 

Sweden— 
lRiksdaler= 100 Gere 

Switzerland = France. 

Turkey— 

1 Piastre=40 Para=120 Asper , 

1 Turkish Pound (Yuslik) 

United States— 

1 Dollar=10 Dimes=100 Cents 

1 Eagle = 10 Dollars = 15*0163 g. fine gold 



Exact Value in 


£ 


s. 


d. 







19 


11*748 
6^ 


1 





1 












9-51^ 








9*51ft 







1 

4 
4 


7 
1 
3*3 



3 


4 
8 


3*5 

8 







1 

16 
9 


8 

6*4 

4*5 






1 
4 


0*83 
5*43 






9 

1 


0*31 
6*2 





3 


11-58 







4 
4 



6*75 
0*46 
4*8 





9'51(> 

1 







3 ' 2-06 
16 , 4-61 
2 1 7*7 








9510 







3 


951& 
11*58 





1 


1*5 







18 


2-1 
1 



2 


4 

1 


115 
1*1^ 



SPECIAL TABLES. 



73 
l.-FUEL AND FURNACES. 

A.— FUEL. 

Should be tested in the case of lignite, peat, coal, coke. Refer 
to the appendix as to sampling. 

1. Moisture.— Ke&t 100 to 260 grms. of coal to lOS*" C. (not 
above), for two hours, preventing access of air as much as possible. 
At a higher temperature the result mi^ht be too low, owin^ to 
escape of volatile matters, or too high, owing to a partial oxidation. 
The moisture sample should be broken up quicMy into pieces not 
smaller than a bean, otherwise too much water would evaporate 
durins the process. Lignite and peat are heated to 100°C. for five 
or six nours, and repeatedly weighed, till no further diminution of 
weight takes place. Coke is heated to 110°C. for two hours. 

2. Besidtuu Coke f Fixed Carbon), — One grm. of finely-powdered 
coal is placed in a platinum crucible at least l^in. deep, provided 
with a tightly fitting cover. The crucible should then be heated 
by means of an ordinary Bunsen burner, the flame of which 
should not be less than 7in. high. The crucible should be 
supported on a triangle of thin wire, and it should be so placed 
that the space between the bottom and the top of the burner is not 




Fig 1. 

more than l^in. The heating ought not to last longer than a few 
minutes, but must be continued as long as any appreciable 
quantity of inflammable matter escapes. If the flame be smaller, 
or the crucible be supported by a stout wire triangle, the yield of 
coke will be too high. The results should always be calculated 
upon coal or coke free from ash, in order to render them com- 
parative. Good coal for reverberatory furnaces should yield from 
60 to 70 per cent of coke. 

3. Asn. — This estimation is very simple for lignite or peat ; coke 
requires a very hish temperature ; coal which cakes presents most 
difficulties. The latter must be powdered very finely, and heated 
Vip gradually, so that the volatile matters may escape before the 
powder can form a cake. If an analysis is only occasionally required, 
1 to 3 ^rms. of finely-ground coal is heated in a platinum crucible, 
which IS fitted into a hole in a stoneware slab, or oetter, in asbestos 
board. (Fig. 1.) This is placed in a slanting position on a trij^od 
stand. The slab serves to separate the air required for oxidation 
. from the gases of the burner, and greatly hastens the combustion, 



74 

which is thus completed in two hoars, whereas without the slab it 
fre(][uently remains incomplete even after 8 or 10 hours' heating. 
It IS not advisable to use a blow-pipe, because the chance of 
mechanical loss is thereby sreatly increased. If determinations 
have to be made frequently, it is preferable to effect the com- 
bustion in a muffle furnace, or still more quickly, in a platinum 
boat placed in a heated porcelain tube, through which a current 
of oxygen is passed. When using the latter the coal or coke should 
be broken in small pieces, and not ground fine, or else the oxygen 
does not come sufficiently into contact with the lower strata. 

B.— FURNACES. 

1. Chimnty Gases, — In these, CO2, O, CO, and N (the latter by- 
difference), are most conveniently estimated by means of Orsat's 
apparatus, consisting of a gas burette divided into 100 cub. centim., 
from which the gas can be forced by raising a water bottle 
connected by an indiarubber tube with the lower end of the 
burettes into three separate U-tubes, closed by glass taps at one 
end and open to the atmosphere, or preferably closed by a thin 
indiarubber ball at the other end. These U-tubes are filled with 
different absorbing reagents ; for COa with solution of caustic 
potash, of spec. grav. 1*20— r28 ; for O with very thin sticks of 
phosphorus, obtained by sucking phosphorus, melted under water, 
mto a glass tube (in. wide, or with very small and irregular pieces 
of phosphorus, obtained by shaking up melted phosphorus under 
water — the whole to be always kept under water, protected from 
light, from any tarry matters, etc, and never to be employed below 
a temperature of 18°C (if the temperature of the working room is 
below this, the absorption is too slow, but can be started at once 
by cautiously warming the tube with a spirit flame). For CO 
serves a mixture of 10 grms. cupric chloride, 90 cub. cent, 
concentrated hydrochloric acid, 20 cub. cent, of water, and sheet 
copper sufficient to reduce it, the whole brought together at least 
24 hours before using it. This reagent also absorbs anjr ethylene 
present, which would thus be estimated as CO ; but this is quite 
immaterial in chimney gases, in which it is usually quite sufficient 
to estimate only the CO2. 

2. Gas jfrom Producers {Generators). — As a rule only CO2 and 
CO are estimated by means of Orsat's apparatus (see preceding 
paragraph). Any Cf2H4 present would be absorbed and estimated 
together with the CO. H can be estimated in the residue by 
mixing it with a measured volume of air, and passing the mixture 
over gently-heated platinum or palladium asbestos,* most con- 
veniently in Lunge's modification of Orsat's apparatus, fitted with 
a capillary tube for receiving the asbestos, a small spirit lamp 
turning on a pivot, and an extra U-tube filled with water, into 

* This can be obtained ready made from Mawson and Swan, at 
Newcastle-on-Tyne, or is prepared bv soakine: a few threads of long soft 
asbestos in a strong solution of plaonom or palladium chloride, mixed 
with a saturated solution of sodium formiate and enough sodium 
carbonate to produce alkaline reaction. After 1 hour^s soaking the 
asbestos is dried completely in a water bath, whereby the metal is 
precipitated in an extremely minute state of division. The soluble salts 
are then washed out by hot water and the asbestos dried again. 



which the gftB is forced througli the capillary tube, containing the 
asbestos, and from which it is drawn back again into the gas 
burette. The gas, freed from CO,, CO, CaH4, and from O, if 
present, is miKcd with as mnch air as the gas burette will admit 
of. This will snfGce for a quantity of hydrogen correspondiDg to 
■\ of the employed volnme of air [i.e., twice the volume of oxygen 
contained in that air). If more H be present, which will only occur 
with "water gas, "either less than 100 ccm, of gas must be employed 
at the commencement for the analyses, or the residual gas is mixed 
with oxygen instead of with air. The capillary tube is neated veiy 
gently and the gaseous mixture is quickly paused once through it 
ftnd bock again, wheu one end of the platinum asbestos should 
become red hot. The residua] ga.s is measured once more, 
and § of the diminution io volume calculated as hydrogen. If 



r and bnmt by means of 
„n electrically-glowing ^lladium or platiaom wire, enclosed in 
another capillary tube, ear this purpose three large Grove cells 
are needed, but no satisfactory results can be expected unless other 
methods are employed, too tedious for technical purposes, and 
consequently not described here. 

3. Speed of Draught. — The best apparatus for measuring tiiis 
in chemical works, where any fine mechanism would soon be 
mined, is Fletcher's anemometer, based upon the movement of a 
column of ether in a U-tnbe (described in "Lunge's Sulphuric Acid 
and Alkali," I., 330 ; III., 361). Fie. 2 shows this in the simpler 
form, leaving out the microscopes, which are quite nnnecessa^ 
tor reading the divisions of the scale or the vernier. The entfs. 
of the glass tubes a b should be placed rather less than one-sixth 
of the diameter of tlie Que from its inner wall. The straight end 
of a ought te be as exactly parallel as possible to the direction of 
the draughts ; the end of b ought to be exactly at a rinht angle to 
this, and so that the current would blow into it. Without this 
precaution a mistake is made, which is avoided by the arrangement 
shown in Fig. 3, and proposed by Ilurter, viz., employing tubes 
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vdtk ends bent in opposite directions. The tubes a b communicate 
with the ether tube c d ; the draught causes the ether to rise in a 
by aspiration, to fall in 6 by the pressure of the air blowing into 
the tube. The difference of level between c and d is read off by- 
means of the scale and vernier. Now the sliding disc e is turned 




Fia. 3. 

180', whereby the currents are reversed. There will now be a 
<lifference of levels in the opposite direction, but equal in amount 
to the first, if the observation is correct. The sum of these two 
differences is meant by the ** anemometer readings " in the tables. 

The following tables show the application of the readings of the 
Anemometer for calculating the speed of draughts, both for 
instruments graduated on we inch scale and for those ou the 
metrical scale. 

a.— TABLE TO SHOW THE SPEED OF CURRENTS 

OF AIR, 

« 

At a temperature of 15° C. » G0° F. ; Barometer, 760mm. =29*92 inches. 

A.— READINGS IN INCHES. 



Mano- 
meter 


Speed 
Feet 


Mano- 
meter 


Speed 
Feet 


Mano- 
meter 


Speed 
Feet 


Mano- 
meter 


Speed 
Feet 


Reading 


Per 


Reading 


Per 


Reading 


Per 


Reading 


Per 


Inches. 


Second. 


Inches. 


Second. 


Inches. 


Second. 


Inches. 


Second. 


•010 


2-855 


•16 


1142 


•32 


16^15 


•95 


27^83 


•020 


4-038 


•17 


11-77 


•34 


16-65 


1^00 


28^55 


•030 


4-915 


•18 


12^11 


•36 


1713 


1-25 


31^93 


•010 


5710 


•19 


12-45 


•38 


17-60 


160 


34-97 


•05 


6*384 


•20 


12-77 


•40 


1806 


1-75 


37^77 


•06 


6-993 


•21 


13-08 


•45 


19^15 


200 


40^37 


•87 


7-654 


•22 


13-39 


•50 


20-18 




• • • • 


•08 


8075 


•23 


13-70 


•55 


2117 




• > • • 


•09 


8-565 


•24 


13-99 


•60 


22-12 




• • • • 


•010 


9028 


•25 


14*28 


•65 


23-02 




• • • • 


•Oil 


9469 


•26 


14-56 


•70 


23^89 




• • • • 


•012 


9-891 


•27 


14-84 


75 


24-73 




• • • • 


•013 


10-29 


•28 


1511 


•80 


25-54 


• • . . 


• • • • 


•OU 


1068 


•29 


15-38 


•85 


26-32 




• ■ • • 


015 


1106 


•30 


15-64 


•90 


27-08 




■ • • • 
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B.-RKADINGS IX MILLIMETERS. 



Bead- 


Speed. 


Read- 


Speed. 


Bead- 


Speed. 


Read- 


1 
Speed. 


Read- 


Speed. 


ing. 




ing. 




ing. 




ing. 

1 




ing. 




mm. 


m. 


mm. 
1*4 


m. 


, mm. 

1 


m. 


1 mm. 

1 


m. 


mm. 


m. 


0-1 


0-575 


2*040 


27 


2*833 


1 
5*0 


3-855 


10*0 


6*452 


0*2 


0*771 


1*6 


2111 


2*8 


2*885 


i 5*2 


3*931 


10*5 


6*586 


0-3 


0^4 


1*6 


2*181 


2*9 


2-935 


1 5*4 


4*006 


110 


5*718 


O'i 


1*000 


17 


2*248 


3*0 


2*986 


1 5*6 


4*080 


11*5 


6*846 


0*5 


1*205 


1*8 


2*313 


3*2 


3*077 


' 6*8 


4*152 


12*0 


5-972 


0-6 


1*341 


1*9 


2*376 


3-4 


3*179 


6*0 


4*223 


12*5 


6-095 


07 


1*442 


2*0 


2*438 


3*6 


3*271 


6*5 


4*395 


13*0 


6*216 


0-8 


1*660 


2*1 


2*498 


3*8 


3-361 


70 


4*561 


13*5 


6*334 


0-9 


1*636 


2-2 


2*557 


40 


3*448 


7*5 


4*721 


14*0 


6*450 


10 


1*724 


2*3 


2*615 


4*2 


3*469 


8*0 


4*876 


150 


6*677 


1-1 


1*808 


2*4 


2*671 


4*4 


3*616 


1 8*5 


5*026 


16*0 


6*896 


1-2 


1*889 


2*5 


2726 


4*6 


3*698 


9*0 


5172 


17*0 


7*108 


1-3 


1*966 


2*6 


2779 


4*8 


3*777 


9*5 


5*314 


18*0 


7*314 



Read 
ing. 

mm. 



19*0 

200 

21 

22 

23 

24 

25 
30 
35 
40 

45 
50 



Speed, 



m. 



7*515 
7*710 
7*900 
8*086 
8*268 

8*446 

8*620 

9*443 

10*199 

10*903 

11*565 
12*190 



/3.— CORRECTIONS FOR TEMPERATURE. 

Column a shovrs the temperature of the chiimiey or flue, column b the 
factor for multiplying the fli?ure found in Table 1 in order to arrive at 
the real speed of the current of gas. 

A.-READINGS IN DEGREES FAHRENHEIT. 



Fahr. 
a 


6 


a 


b 


a 


b 


a 


6 





1*0634 


90 


0*9723 


180 


0*9012 


380 


0*7^ 


6 


1*0677 


95 


0*9679 


185 


0*8977 


40J 


0*7763 


10 


1*0620 


100 


0*9636 


190 


0-8943 


425 


0*7663 


15 


1*0461 


105 


0-9603 


195 


0*8909 


460 


0*7556 


20 


1*0409 


110 


0-9661 


200 


0*8875 


476 


07454 


25 


1*0355 


115 


0-9509 


210 


0*8808 


600 


0*7356 


30 


1*0302 


120 


0*9468 


220 


0*8743 


525 


0-7261 


35 


1*0250 


125 


0*9128 


230 


0*8680 


550 


07171 


40 


1*0198 


130 


0-9388 


240 


0*8614 


675 


07085 


45 


1*0148 


135 


0*9318 


260 


0*8567 


600 


0-7000 


60 


1*0098 


140 


0*9309 


260 


0*8497 


650 


0*6841 


55 


1-0049 


145 


0-9270 


270 


0*8438 


700 


0*6691 


60 


1-0000 


160 


0*9232 


280 


0*8380 


760 


0*6562 


65 


0*9952 


155 


0*9194 


290 


0*8324 


800 


0*6420 


70 


0*9005 


160 


0-9166 


300 


0*8269 


860 


0*6297 


75 


0-9658 


165 


0-9119 


320 


0*8163 


900 


0*6181 


80 


0*9612 


170 


0*9083 


340 


0-8060 


950 


0*6070 


85 


0*9767 


175 


0*9047 


360 


0-7960 


1000 


06964 
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B.-READINGS IN DEGREES CENTIGRADE. 


» 




a 


b 


a 


b 


a 


b 


a 


b 


a 


b 


a 


b 


VC 




t'C 
18 




VC 
42 




t'C 
66 




fC 
140 




t'C 
260 




-10 


1*046 


0*995 


0*956 


0*922 


0-835 


0735 


- 5 


1-036 


20 


0-991 


44 


0*953 


68 


0-919 


150 


0-825 


270 


0-728 





1-027 


22 


0*968 


46 


0*950 


70 


0-916 


160 


0-815 


280 


0-721 


2 


1-023 


24 


0-965 


48 


0-947 


75 


0-909 


170 


0-806 


290 


0-715 


i 


1-020 


26 


0*981 


50 


0*944 


80 


0-903 


180 


0-797 


300 


0-709 


6 


1*016 


28 


0*978 


52 


0*941 


85 


0-897 


190 


0-788 


."{20 


0*697 


8 


1-012 


30 


0*975 


54 


0*938 


90 


0-890 


200 


0-780 


340 


0-685 


10 


1*009 


32 


0*972 


56 


0*935 


95 


0*884 


210 


0-772 


360 


0-676 


12 


1*005 


3i 


0-968 


^ 


0*933 


100 


0-878 


220 


0-764 


400 


0-654 


14 


1*003 


36 


0-965 


0-930 


110 


0-867 


230 


0-756 


450 


0-631 


15 


1*000 


38 


0-962 


62 


0-927 


120 


0-856 


240 


0-749 


500 


0-603 


16 


0*996 


40 


0*959 


64 


0*924 


130 


0-845 


250 


0-742 







C— TEMPERATURE. 

None of the ordinary pyrometers are reliable for any len^h of 
time, hardly even that of Siemens, -whose high price and incon- 
venient shape prevent its general use. We mention, of more 
recent pyrometers — 

1. Gauntlett's metal pyrometer, manufactured by Schaffer 
and Budenberg (Magdeburg and Manchester). This can be used 
up to 900"* C, or 1,600° F., but the metallic parts must be well 
protected. 

2. SteirUe and Hartung^s (of Quedlinburg, Germany) graphite 
pyrometer, graduated up to 1,200° C. (say 2,000° F. ) This, as well as 
Gauntiett's or other pyrometers, must be controlled from time to 
time, preferably by a OEdorimeter. 

3. Fischers Calorimetric Pyrometer consists (1) of a wrought- 
iron box fitted with a lid, and welded to the end of a long rod, by 
means of which it can be placed in the space whose temperature 
has to be taken ; (2) of a small cylinder of wrought iron, copper,* 
or platinum, say 2c. long by Ic. diameter, which is accurately 
weighed and exposed to the heat of the furnace, etc., within 
the above iron box ; (3) of the calorimeter itself, viz., a vessel 
made of thin sheet copper, about 6c. wide by 15c. deep. This 
is surrounded by a thick wooden jacket (preferably having a 
space in between which can be filled up with loose wool, fur, and 
the like), and can be manipulated by a wooden handle without 
grasping the jacket itself. The vessel is fitted with a brass cover 
provided with two holes, one allowing a fine thermometer (gradu- 
ated in tenths of degrees) to pass through, the other, 2c. wide, for 
dropping in the hot metal cylinder. Through this hole also passes 
the wire handle of a copper disc, a little less in diameter than that 
of the calorimeter, which serves as a stirrer. This vessel is filled 
two-thirds with an accurately weighed or measured quantity of 
water. The operation is performed oy exposing the metal cylinder 
No. 2, enclosed within the box No. 1, long enough to assume the 
temperature of the furnace at least for 20 minutes'; then quickly take 
out the box, remove the lid by a forceps, and drop the hot cylinder 

* Copper does noL however, last well, scales of CuO forming the first 
time it is used, while iron can be used daily for three months without 
great error.j 
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into the calorimeter No. 3, whose temperature = IP has beeD ascer- 
tained just before. The cylinder falls upon the disc of the stirrer, 
which is rapidly moved up and down, constantly observing the 
thermometer. When this is at its maximum it is read off. This 
temperature we will call t^. We must further know the weight of 
the metal cylinder = jo ; its specific heat = c (tiiis is 0*094 for copper, 
•0*114 for wrought iron, 0*032 for platinum, but increases with the 
temperature, so that there is here a source of inaccuracy) ; the 
weight of the water within the calorimeter, added to the water- 
weight of the copper vessel and stirrer itself = p^ (water- weight 
means the actual weight multiplied by the specific heat, i.e., 0*094 
for copper ; the thermometer, if very slender, may be left out of 
the calculation). The temperature of the hot cylinder T is found 
by the formula— 

T = <i -I- p^{t^-t'') 

pc 

If p^ a.ndp are constant the magnitude 

pi 

pc 

can be converted into a factor, by which the difference of ther- 
mometer readings is multiplied, tnus at once yielding the temper- 
ature sought, alter the firat temperature t^ has been added to the 
product. For practical purposes it is convenient to choose the 
•quantities so that this factor becomes a simple number. For very 
high temperatures the value 

?! 

pc 

fihould not be less than 50. For lower ones it will be sufficient if it 
is 25, but it should not be chosen less than 25. The same factor 
will, with the same apparatus, yield Fahrenheit degrees if a 
Fahrenheit thermometer is used instead of a Centigrade one. The 
mean specific heat of iron between 0° C. and 6** C. is G = 0*1053 
+ 0;000071 t^ (Bfede). By means of this value for the mean 
' specific heat of iron, the temperature can be calculat'Cd according 
to the following formula : — 



2.— SULPHURIC ACID MANUFACTURE. 

A.— BRIMSTONE. 

1. Moisture.— In order to prevent the evaporation of moisture 
<luring grinding, an average sample of the unground or only 
roughly-crushed materials weighing lOOgrms. is dried at 100** C. for 
some hours in an oven or water-bath. 

2. Ashes. — lOgrms. are burnt in a tared porcelain dish and the 
residue weighed. 
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3. Direct Estimation of Sulphur. — (Macagno, C/ie7n. NewSy 
V. 43, p. 192). 50gmis. of the finely-ground brimstone are dissolved 
in 2()0c.c. carbon bisulphide by digesting in a stoppered bottle at 
the ordinary temperature, and the specific gravity of the liquid 
=:5 is estimated. This must be reduced to the specific gravity at 
15** C. = S by means of the formula (valid up to 25° C .) S = « + 0-0014 
(^-IS**). llie following table gives for each value of S the per- 
centage in this solution, which number must be multiplied by 4 to 
indicate the percentage of sulphur in the sample of bnmstone : — 



SPECIFIC GRAVITIES OP SOLUTIONS OF SULPHUR IN 

CARBON BISULPHIDE. 



Spec. 


OJ 


Spec. 


0/ 


Spec. 


% 


Spec. 


% 


Spec. 


/o 


Spec. 




Grav. 





Grav. 


50 


Grav. 


S 
10-2 


Grav. 


S 
15*2 


Grav. 


20-4 


Grav. 




1-271 


1-292 


1*313 


1-334 


1-355 


1-376 


28*1 


1-272 


0-2 


1-293 


6*3 


1*314 


10-4 


1-335 


16-4 


1-366 


20-6 


1-377 


28*5 


1-273 


0-4 


1*294 


5*6 


1315 


10-6 


1-336 


15-6 


1-357 


21-0 


1-378 


29-D 


1-274 


0-6 


1*295 


6*8 


1-316 


10*9 


1-337 


15*9 


1-368 


21-2 


1-379 


29-7 


1-276 


0-9 


1-296 


6-0 


1-317 


11*1 


1-338 


16*1 


1*359 


21*6 


1-380 


30*2 


1-276 


1-2 


1-297 


6-3 


1'318 


11*3 


1-339 


16*4 


1-360 


21-8 


1-381 


30*8 


1-277 


1-4 


1-298 


6-5 


1*319 


11*6 


1*340 


16-6 


1*361 


221 


1-382 


31-4 


1-278 


1-6 


1-299 


67 


1-320 


11-8 


1*341 


16-9 


1*362 


22-3 


1-383 


31-9 


1-279 


1-9 


1*300 


70 


1*321 


121 


1-342 


17*1 


1-383 


22*7 


1-384 


32-6 


1-280 


2-1 


1-301 


7-2 


1-322 


12*3 


1-313 


17-4 


1-364 


230 


1-385 


33*2 


1-281 


2-4 


1-302 


7*5 


1-323 


12*6 


1*344 


17-6 


1-365 


23-2 


1-386 


83-8 


1-282 


2-6 


1-303 


7-8 


1-324 


12*8 


1-345 


17-9 


1*366 


23*6 


1-387 


34*5 


1-283 


2-9 


1-304 


80 


1*325 


13*1 


1-346 


18-1 


1-367 


240 


1-388 


35*2 


1-28& 


3-1 


1*305 


8-2 


1-326 


13*3 


1-347 


18*4 


1-368 


24*3 


1-389 


36*1 


1-285 


3-4 


1-306 


8-5 


1-327 


13*5 


1*348 


18-6 


1-369 


24*8 


1-390 


36*7 


1-286 


3-6 


1-307 


8*7 


1-328 


13*8 


1-349 


18-9 


1-370 


25-1 


1-391 


37*2 


1-287 


3-9 


1-308 


8-9 


1-329 


14-0 


1-350 


19-0 


1*371 


25*6 


(saturated) 


1-288 


41 


1*309 


9-2 


1-830 


14-2 


1-351 


19*3 


1-372 


26*0 




1-289 


4-4 


1*310 


9*4 


1-331 


14-6 


1-352 


19*6 


1*373 


26-5 




1-290 


4-6 


1*311 


9*7 


1-332 


14-7 


l-,%')8 


19*9 


1-374 


26*9 




1-291 


4-8 


1*312 


9*9 


1-333 


16-01' 1-354 1 


20-1 


1-375 


27-4 





B. -SPENT OXIDE OF GASWORKS. 

This is contaminated with saw-dust, tarry matters, and variable 
quantities of lime, etc., which latter retain part of the sulphur in 
burning, hence a method is empl^ed which estimates only the 
recoverable portion of the sulphur (Zulkowsky, Dingler^s Journal^ 
V. 241, p. 52). The sulphur of the spent oxide is burnt wil^ the 
aid of platinised asbestos (comp. p. 73), the gases are passed into a 
solution of caustic potash and potassium nypobromite, and the 
sulphuric acid there condensed or formed is estimated by precipi- 
tation with BaClo . The combustion takes place in a comoustion 
tube (Fig. 4) 2ft. long, narrowed at a, and drawn out at the end 
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into a long tube, not too thin, and bent downwards. Between a 
and b there is a layer of asbestos Sin. to lOin. long, and at a distance 
of 3in. or 4in. from this a porcelain boat with aM)ut 0'4grm. spent 
oxide. The end of the tube at k is connected with an oxygen 
gasholder. The absorption takes place in the two 3-bulb tubes c 
and d (5iin. high) and the tube e, filled with glass-wool. The 
absorbing liquid is made by dissolving ISOgrms. caustic potash 
(purified with alcohol from snlphate) in water, adding lOOgrms. 
bromine, taking care to keep tne mixture cool, and diluting^ to 
l,000c.c. 30c. c. of this suffice for estimating 0'5grm. sulphur. The 
tube e ought also to be moistened with it. First heat the portion 
of the tube between a and 6, passing moist oxygen through it at 
the same time ; then heat the boat from the right to the left, lastly 
the tube, up to the place /. The current of gas must be much 
stronger than for an organic analysis, lest any sulphur should 
escape unbumt, but not so strong as to draw on any SO 3 unab- 
sorbed. So long as any dew appears at h it must be driven into 
the receiver with a Bunsen burner. When this ceases (usually 




Fig. 4. 

in about an hour) the experiment is finished. The receivers are then 
taken off, washed out, and the acid remaining in h is recovered by 
aspirating several times water through it. All the liquids are 
united, supersaturated with HCl in order to decompose the potajBsium 
hydrate and hy|>obromite, heated, concentrated if necessary, and 
the sulphuric acid is precipitated with BaCl,, as directed in the 
following paragraph (CJ 2). 



C— PYRITES. 

1. MoMure.— The ground pyrites is dried at 105** C. till the 
weight remains constant. For the following tests the nyrites is 
not employed in the dried state, but the finely-ground averai^e 
sample, as it is kept in a well-sealed bottle. Compare the appendix 
as to drawing and reducing an average sample. 

2. Sulphur, — About O'Sgrm . of pyrites is treated with about 10c. c. 
of a mixture of 3 vols, nitric acia (specific gravity 1 -4) and 1 vol. 
strong hydrochloric acid, both ascertained to be absolutely free 
from sulphuric acid. Avoid all spurting. Heat up the mixture 
now ana then, evaporate to dryness in a water-bath, add 5c. c. 

G 
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hydrochloric acid, evaporate once more (no nitrous fumes ought to 
escape now), add Ice. concentrated hydrochloric acid and lOOc.c. 
hot water, filter through a small filter, and wash with hot water. 
The insoluhle residue may he dried, ignited, and weighed. It may 
contain, hesides silicic acid and silicates, the sulphates of harium, 
lead, and even calcium, whose sulphur, as being useless, is pur- 
posely neglected. The filtrate and washings are saturated with 
ammonia, avoiding much excess of it. The precipitated ferric 
hydrate is filtered and washed. This can be done m from half to one 
hour, by employing the following precautions : (1) Filter hot, and 
wash on the filter with hot water, avoiding channels in the mass, 
but so that the whole precipitate is thoroughly churned up with 
the water each time (washing by decantation would produce too 
^eat a bulk of liauid) ; (2) employ sufficiently dense but rapidl;)^- 
filterins paper (Swedish paper is too slow; Danish paper is 
pr^erable) ; (?) use funnels, made at an angle of exactly 60°, 
whose tube is not too wide, and is completely filled by the liquid 
running through. A filter pump may also be employed with the 
usual precautions. Wash till about Ice. of the washings on 
adding BaCls shows no opalescence even after a few minutes. 
The iutrate and washings snould not exceed 200c. c, or else should 
be concentrated by evaporation. Acidulate with pure HCl in very 
slight excess, heat to boiling,'remove the burner, and add a solution of 
BaCl, previously heated to boiling. For 0*5grm. pyrites, 2^c.c. of a 
10 per cent, solution of BaCl^ is always more than sufficient. This is 
roughly measured off in a test-tube provided with a mark, and 
heated in the same tube. After precipitation the liquid is left to 
stand for half an hour, when the precipitate should be completely 
settled. Decant the clear portion as well as possible through a 
filter, pour 100c. c boiling water on the precipitate, and stir up. 
Wait two or three minutes, when the liquid ought to have settled 
completely, and decant again. Repeat the treatment with boiling 
water, and the decantation three or four times, till the liquid has 
lost its acid reaction. Wash the precipitate on to the filter, dry, 
and ignite. It should be a perfectly white and loose powder. One 
part of it is equal to 0*13724 sulphur (factors on p. 10). 

3. Copper (Process employed at the Duishurg Copper Extraction 
Works J. — Igrm. of pyrites, finely powdered and dried at 100° C, 
is treated with concentrated nitric acid, and then evaporated to 
dryness. Pour concentrated sulphuric acid over the residue, and 
heat on a sand-bath till the free acid is driven off. Let it cool down, 
boil up the mass with water, allow it to cool, add quarter of the 
bulk of spirit of wine, let stand for 12 hours, and filter. The 
residue on the filter is washed with a mixture of 1 part alcohol and 
2 parts water till no more copper can be found. The dilute filtrate 
is saturated with H^S and allowed to stand for some hours. The 
precipitate (containing the sulphides of copper, arsenic, antimony, 
and bismuth) is washed with a solution of H^S containing a little 
sulphuric acid, dried, mixed with the ashes of the filter and with 
pure sulphur (recrvstallised from OS,), ignited in a Rose's crucible 
in a current of hydrogen or coal gas, and weighed. In this operation 
arsenic is completely volatilised ; antimony and bismuth remain 
aXans with the copper. Spanish pyrites contain an sdmost constant 
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quantity of 0*05 per cent. Sb and Bi, of which 0'0005grra., together 
with the weight of the filter ashes, is deducted from the Cu^S (1 
part Cu2O=0-79874 Cu).* 

4. Zinc is sometimes estimated in pyrites, because the sulphur 
combined with it is hardly recoverable for acid making. The 
following method (Schafther's modified) is employed at the Vieille 
Montagne and the Rhenish Zmc works: 0'5grm. of the ore is dissolved 
xis described on p. 80. All nitric acid is'destroyed in the same way. 
Any metals precipitable by HjS from an acid solution are removed 
by this reagent. The filtrate is freed from HaS by boiling, and 
oxidised by a little aqua regia. The ferric oxide is precipitated 
with 30c. c. of liquor ammonia (if Mn is present, the liquor is 
allowed to stand for six hours, when the Mn will be precipitated as 
well), filtered, dissolved on the filter (as it always contains zinc) 
in a little HCl, without previous washing, precipitated once more 
with NH3, and filtered again. Both filtrates are united, diluted to 
half a litre, and titrated in a tall beaker by a solution of pure 
crystallised sodium sulphide, of which Ic.c. ought to be as nearly 
as possible = 0*01 Zn. With more dilute liquors the results are 
not so good. Add the liquid, constantly stirring, till a paper 
soaked with a basic solution of ferric chloride, half dipping into 
the liquid, is blackened. The paper is either attached to the side of 
the beaker or suspended from platinum wire. The NagS solution 
is standardised exactly in the same way by weighing off pure zinc, 
dissolving, and supersaturating with NH3. But exactly the same 
dilution and excess of ammonia must be used as in the former 
operation, in order to employ the same excess of NajS for blackening 
the iron paper in both cases, and the degree of blackening should 
also be the same. The solution of sodium sulphide should not be 
more than a fortnight old. 

5. Carbonic Acid (calcium carbonate, etc. ) is sometimes estimated, 
because the bases combined with it make a corresponding quantity 
of sulphur useless in the form of sulphates. As the quantity is 
always small, the CO a is estimated gravimetrically by expelling 
it by strong acids and absorbing it in soda lime in the apparatus. 
(Fig. 5. ) The flask a, holding 200c. c, is closed with an indiarubber 
cork. Through this passes the swan-neck (/) tube 6, reaching 
down to the Dottom of a and connected outside by means of a 
pinch-cock joint, either with a small funnel or (at the end of the 
operation) with a U tube filled with soda lime. In a second per- 
foration of the cork is fixed the delivery tube c, cut obliquely at 
the lower end, and enlarged above the cork into a bulb. The 
latter is connected with a series of U tubes, which are once for all 
put together and hung with wire loops from a carrying rod fixed 
in a stand, so that the whole is ready for use at any time. The 
tube No. 1 (7in. long, gin. wide inside) contains only a little cal- 

* The electrolytical method has not been adopted at Duisburg because 
copper precipitated the first time is not pure, and two precipitations cause 
more trouble than the above-described method. But at the copper works 
the purity of the CuzS is checked by the electrolytical method. The 
Duisburg method, as given in text, is open to the objection of being rather 
lengthy, and of deducting a constant quantity of Sb and Bi, which cannot 
be quite correct in all cases ; but as it is accepted as binding upon buyers 
and sellers in Germany, we have given it as it stands. 

G2 
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cium clilorido (nlnolutely frea from alkaline reactioD) in Hk ben<1. 
No. 2 (ianie uze) in tilled with calcium chloride. No. 3 (iame Hize> 
with pumice, boiled with a concentrated solution oF copper iulpbate, 
dried, and heated to the point where all water U driven olT for 
the abaorptioQ of H,S and HCI,"* The tubes Noa. * to 7 are 
4^111. long and Jin. wide. No. 4 coatains calcium chloride ; Nos. 5 
nnd about 20grmi. Krannlar Hoda lime, except the upper third of 
the second linih, whicu in tilled with granular calcium chloride ; 
No. T, in the flrst limb calcium chloride, and in the lecond Bi>da 
lime. Noa. 1 to 4 serve for removing from the gaa its moiatnre and 
HCI ; Noa. S and S fur abBorbing the CO,, the CaCl, preventing 
any eecope of moisture from the aoda lime. No. 7 Ih a |;uani-tube 
o^ainBt CO. and H,0 entering from without. Unly Noi. S and & 
are weighea (Imth together) before and after the experiment. The 
ContentH of No. 1 niuit generally be renewed after each experi- 
ment ; thoae of Na pretty frequently, according to the CO, present ; 



thoM of No. 6 very raretT, The apparatus \h teated in the nanal way 

for its got) -tightness, and serves for all estimations of CO, by weight. 
For nuikin;; a teat, put the weighed substance into the fkaii a, 
along with OOc.c. of water i gradually run in through A a sufficient 
quantity of dilute HCI or SO, H, (compare footnote), take away 
the funnel, connect b with the Hoda-Iima guard-tube, and aspirato 
from the other end, at the |J tube No. 7, a steady current of air, 
free from CO,, through a, whoae contents are at the same tinie 
heated, but not to the boiling point, The process of absorption 
can be followed by the progressive rise of temperature in the 
soda-lime tube No. 5. When this has become quite cold the current 
of air is passed through another 20 minutes, after which the experi- 
ment is Anished. Tne contents of a ought never t« be heated 
strongly enough to make the calcium chloride in No. 1 deliquesce. 

D.— BURNT PYRITES (CINDER80 
1. .S'u/p^ur beatimated by dissolving the auhatonce in aqua regia, 
evaporating with HCI, dissolving in very little HCI and hot watbr, 
and precipitating by BaCI, at a boiling[ heat, etc., as described 
on page 81. The operation of precipitaiini; the iron by ammonia 
is unnecessary here, since absolute correctness is not requisite. 

* It the carbonate! can be daoompoied by dilute aulphurlo aold, and IF 

at the latne time no sensible ouantity of H,SoaD esoape {eg., la eitlmatlnir 

CO. In fluuttlo aoda}, It is pretarablo to employ dilute sulphurio aold tor 

-he CO, In the flaak a, and to leave out the tube Ko. B, whlob 
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2. Copper is estimiited &s on page 81, bat tbe solation of the 
43ainple (I^hl) is made by means of hydrochloric add, with a feif 
drops of nitric acid. A deduction ol Oifl per cent, for Bi and Sb 
is made from the percentage of Cn fonnd. 



E.— GASES. 

1. Burner Gases. — SO, is estimated by Beich's method {Lunge's 
•Sulphuric Acid and Alkali, voL L, p. 251; voL iiL, p. 352). The 
gaa is aspirated throngh a solation of iodine, contained in a wide- 
necked 200c. c. bottle, and coloured blue by starch solation, tUl 
-the coloor has been jost discharged. This bottle is connected with 
a larger bottle, converted into an aspirator by a tap near its bottom, 
or by a siphon fitted with a pinch-cock. Water is ran from this 
into a gradnated 250C.C. jar. All this time the iodine bottle is 
shaken np, and at the moment when the coloor is dischaiged the 
tap of the aspirator is closed, and the volnme of water in the jar is 
read off. It is equal to that of the gas aspirated through when in- 
-creased by that of the SO , absorbed. The absorbing bottle is charged 
with 10c c. of a decinormal solution of iodine (12*7grm8. iodme 
per litre, preparation and examination in the appendix), along with 
About 50c c. of water, a little starch solution, and a little sodium 
bicarbonate. The above quantity of iodine is=0*032grm. 30^ = 
ll'14c.c. at 0° C. and a pressure of 700mm. The latter figure, 
multiplied by 100 and divided by lice +the volume of the water 
run out, yields the percentage of SO, in the gas by volume. 

This calculation is saved by the following table, in which the 
lice, are already taken into account. 



C.C. Water in the Per cent. SO, 


C.C. 


Water in the 


Per cent, SO, 


Measuring Jar. 


by Volume. 


Measuring Jar. 


by Volume. 


82 


12 




128 


8-0 


86 


11*5 




138 


7-5 


90 


11 




148 


7-0 


95 


10-5 




160 


6-5 


100 


10 




175 


60 


106 


9-5 




192 


6-5 


113 


9 




212 


6*0 


120 


8-5 









In this no notice is taken of temperature and barometer. If these 
4ire to be observed, the volame read off is reduced to 0° and 760mm. 
by the tables 28 and 34, and then looked up in the above table. 

2. Chamber (rowe*.— These are analysed like No. 3. 

3. Chamber Exit Gases as Oxygen, — Before estimatiDg this the 
acids are removed from the gas by washing with a solution of potash 
or soda. Single samples can be taken at odd times daring the day, 
but it is recommended to take an average sample for the whole day 
by aspirating at least 10 or 20 litres of gas, and analysing a portion 
of this. The estimation of oxygen is best made by moist phos- 
phorus in an Orsat apparatus (page 73) with two absorbing tubes, 
one of which is filled with potash solution for removing the acids, 
the other with small pieces of phosphorus. The manipulation is 
exactly as in testing fire gases, out it should be observed that the 
temperature must be at least 16®, better 18? C, otherwise the tube 
must be warmed a little. 
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4. Sidphur and Nitrogen Acids, — The different acid compounds 
of sulphur are estimated together, as well as those of nitrogen, 
whatever degree of oxidation they may possess. The following 
prescriptions agree in the main with those published by the British 
Alkali Makers' Association in 1878. A continuous test over 24 
hours is taken of the gases, escaping from the exit pipes of the 
Gay-Lussac towers, aspirating at least one cubic foot per hour by 
means of any aspirator acting at a constant rate and recording the 
volume of gas =Vby means of gaugingthe aspirator orbya gasmeter. 
The volume V is reduced to 0° C. and 760mm. pressure ( =32** F. 
and 29*92 inches*) by the tables (page 28), and is now called V*. 
In order to allow comparisons, the number of cubic feet of chamber 
space per pound of sulphur burnt and passing into the chambers is 
recorded, excluding towers, but including tunnels, the amount of 
sulphur being taken by the weekly average, each firm to state the 
distance of the testing hole from the point at which the gases leave 
the Gay-Lussac towers. The absorption apparatus consists of four 
bottles or tubes, containing not less than 100c. c of absorbing 
liquid, with a depth of at least 3in. in each bottle, the aperture 
of inlet tubes not to exceed ijiVa. in diameter, and to l)e measured 
by a standard wire. The first three bottles contain each 100c. c. of 
normal caustic soda solution (Slgrms. per litre), the fourth 100c .c. dis- 
tilled water. The caustic soda used mu^^t be free from nitrogen acids. 
The gases are tested (1) for total acidity, stated in grains of SO, 
per cubic foot of gas, elsewhere in grammes per cubic metre. (2) 
Sulphur acids. (3) Nitrogen acid, both stated in grains of S and 
N per cubic foot (or grammes per cubic metre). The analysis is 
carried out as follows : The contents of the four bottles are united, 
taking care not to unnecessarily augment the bulk of the liquids, 
and are divided into three equal parts, one of which is reserved 
for accidents, etc. The .first part is titrated with normal 
sulphuric acid (49grms. SO4H3 per litre), to ascertain total acidit^\ 
The number of cubic centimetres of acid necessary for neutralisa- 
tion is called x. The second part of the liquid is gradually 
poured into a warm solution of potassium permanganate, strongly 
acidified with pure sulphuric acid. A small excess of permanganate 
must be present, and must be afterwards reduced by the audition 
of a few drops of sulphurous acid solution, until only a faint red 
tint is visible. Now all nitrogen acids are present as HNOs, ^i^t 
no excess of SO,. The HNO, is estimated by its action on Fe SO 4. 
25c. c. of a solution, containing per litre lOO^ms. crystallised ferrous 
sulphate and lOOgrms. pure suTpnuric acid(tne same which is used for 
estimating MnO 2 ) are putintoaflask, 20c. c. to25c.c. pure concentrated, 
sulphuric acid is added, the mixture is allowed to cool, and the other 
mixture, treated with permanganate, etc., is added. The flask is 
closed by a cork with glass tul^s. A current of CO a passes through 
and issues beneath the surface of some water, to prevent entrance 
of air. First, all the air is expelled in this way by means of an 
apparatus evolving CO 3 with constant action ; then the solutions 

* The law prescribes the cubic feet to be measured at 60° F. and 30 inches, 
which necessitates the use of other tables or factors than those mentioned 
in the text, but the difference should be hardly perceptible, and certainly 
within the limits of experimental error. 
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are introduced, and the contents of the flask are heated to boiling, 
till the dark colour produced by the formation of NO has changed 
to a clear light yellow. This lasts a quarter of an hour to one hour, 
according to the quantity of NO 3 H present and that of the sulphuric 
acid added. The unoxidised ferrous sulphate is titrated by a semi- 
normal permanganate solution (yielding O'OOigrm. oxygen per cubic 
centimetre (compare appendix). The cubic centimetres used^^. 
Since the titre of the iron solution changes pretty quickly, it 
should be tested daily by taking out 25c. c. with the same pipette 
as serves for the above-describea operation, and ascertaining the 
amount of permanganate required for oxidising it=2;c.c. The 
magnitudes sought are found by the following equations : — 

1. Total Acidity in grammes per 1. Total Acidity in graina per cuhio 
cubic metre = foot= 



0120 (100 -a) 



SOa = 



2. Sulphur in grammes per cubic 
metre = 



S0« = 



1-852(100-3;) 



2. Sulphur in grains per cubic 
foot= 



S= 



0' 008(600-6a;-2+y) 
V^ 



s= 



0-12346(600-6a;-g+y) 



3. Nitrogen in grammes per cubic 3. Nitrogen in grains per cubic 
metre = foot= 

T^_ 0-0Q7(g-y) 0'10m{z-y) 

^^ yi ■'■^— v^ 

The legal limit for total acidity is 4 grains of SO 3.* 
5. Nitric Oxide (NO) can be present in the exit gases after 
passing through the absorbing bottles. If it is to be estimated in 
an absorption tube (Fig. 6), or a similar one, bent into a worm, is 
interposed between the tubes of the last-described apparatus and 
the aspirator. This tube contains 30c.c. of semi-normal per- 
manganate and Ice. of sulphuric acid, specific gravity 1-25. The 




Fio. 6. 

gas is passed through for 24 hours, and the tube emptied and 
washed out. Now add 50c. c. ferrous sulphate solution, correspond- 
ing to 2x permanganate (compare last paragraph), and retitrate 
the decolourised liquid with permanganate. The quantity of the 
latter now used is called u. The NO has consumed (30 + 1* - 2z) c. c. 
permanganate, which is equal- 
In grammes of nitrogen per cubic In grains of nitrogen per cubic 
metre of the volume V* foot 

^^ 0-007 (30+^-2g) T^ ^ 0-10803 (30+M- 22) 

3V^^ 3V1 

* AlkaU Act, 1881, Sec. 8. 
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F.~SULPHURIC ACID. 

shuric Acid a 
:olb'B Table). 



1. Specific Gravity of Sulphuiric_Acid at OO'F. (calculated from 





100 parts by weight 


1 Cubic Foot of Acid (60* Fahr.)< 


Twaddel. 


cont 
SO, 


H-in 
H,S04 


Kilo per 

litre. 

H,SO« 


weighs 
lb. avd. 


contains 
lb. avd. 
HtSO« 


yields* 
lb. avd. 
Na^SOA 


40 


22^10 


2710 


•325 


74-82 


20-27 


29-37 


41 


22-61 


27-70 


•334 


75*14 


20*81 


30-16 


42 


2311 


28-31 


•342 


75*45 


21*36 


30-95 


43 


23*60 


28-91 


•351 


75*76 


21*90 


31-73 


44 


24-10 


29-52 


•360 


76*07 


22-45 


32-53 


45 


24-50 


30-13 


•369 


76*38 


23*01 


33*34 


46 


26-09 


30-73 


•378 


76*69 


23*57 


24-15 


47 


25-58 


31-34 


•387 


77*00 


24*13 


34-96 


48 


26-08 


31-95 


•396 


77*32 


24*70 


35-79 


49 


26^57 


32-56 


•405 


77*63 


26*27 


36-62 


50 


27-07 


33^16 


•414 


77-94 


25*84 


.^-44 


51 


27-56 


33-77 


•424 


78-25 


26*42 


38*28 


52 


2806 


34-37 


•433 


78-56 


2700 


3912 


53 


28-55 


34*96 


•442 


78-87 


27*58 


39*96 


54 


2905 


35-59 


•451 


79-19 


28*15 


40-79 


55 


29-54 


36-19 


•461 


79-50 


28*75 


41-66 


56 


30-04 


36-80 


•470 


79-81 


29-34 


42*51 


67 


30-53 


37-41 


•480 


80-12 


29*94 


43*38 


68 


31-03 


38-01 


•490 


80-43 


30*55 


44-27 


59 


31-52 


38-62 


•500 


80-74 


31*18 


45-18 


60 


32-02 


39-23 


•510 


81-06 


31*79 


46-06 


61 


32-51 


39-82 


•6fM) 


81-37 


32*40 


46-95 


62 


33-00 


40-42 


•629 


81-68 


3300 


47-82 


63 


33-49 


41-01 


•539 


81-99 


33-60 


48-69 


64 


33-97 


41-61 


•549 


82*J0 


34*22 


49-69 


65 


34*45 


42*20 


•559 


82-62 


34-86 


50-61 


66 


34-89 


42-73 


•668 


82-93 


35*43 


51-24 


67 


35 32 


43-26 


•677 


83-24 


36-00 


52-16 


68 


35'75 


43*79 


•687 


83*55 


36-58 


5300 


69 


36-19 


44-32 


•596 


83-86 


37*16 


53-85 


70 


36-62 


44-85 


•605 


84-17 


37*75 


54-70 


71 


37-05 


45-38 


•615 


84*49 


38*33 


55-54 


72 


37-48 


45-91 


•624 


84-80 


38-92 


56-40 


73 


37-92 


46-44 


•634 


85*11 


39*52 


57-26 


74 


38-35 


46-97 


•643 


85-42 


40-11 


68-12 


75 


38-78 


47-60 


•653 


85-73 


40*72 


69*01 


76 


39-20 


48-02 


•662 


86-04 


41*31 


69*86 


77 


39-63 


48-54 


«72 


86-36 


41*95 


60 79 


78 


40'05 


49*06 


•682 


86-67 


42-52 


61*61 


79 


40*48 


49*58 


•691 


86*98 


43-12 


62*48 


80 


40-90 


50*10 


•701 


87*29 


4373 


63*36 


81 


41-33 


60-62 


•711 


87*60 


44-34 


64*25 


82 


41-75 


61*14 


•721 


87-92 


44-96 


65-14 


83 


42-18 


61*66 


•731 


88*23 


45-56 


66*02 


84 


42-60 


52*18 


•741 


88 54 


46-20 


66*94 


85 


43-02 


62-70 


•751 


88*85 


46-82 


67*84 


86 


43*41 


63-18 


•761 


89-16 


47-41 


68-70 


87 


43-81 


53-67 


•770 


89-47 


4801 


69-57 


88 


44-20 


64-15 


•780 


89*79 


48-62 


70*45 


89 


44-60 


54*64 


•789 


9010 


49*23 


71*34 



*Theoretically, but practically the same figure indicates yield of 

NaaSO* of 96 per cent. 
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F.— SULPHUEIC ACID— Continued. 

ihuric Acid a 
[olb's Table). 



1. Specific Gravity of Sulphuric Acid at 60° F. (calculated from 

K( ■ 





100 parts by weight | 




1 Cubic Foot of Acid (60° Fahr.) 


TwaddeL 


cont 
SO, 


Ain 
HaSO* 


Kilo per 

litre. 

HjSO* 


weighs 
lb. avd. 


contains 

lb. avd. 

H,S04 


yields* 
lbs. avd. 
Na,S04 


90 


45^00 


65-12 


•799 


90-41 


49*83 


72*20 


91 


45-39 


65*61 


•809 


90*72 


50*45 


73-10 


92 


45-79 


56*09 


•818 


91*03 


51*06 


73-99 


93 


46-18 


56*68 


•828 


91*35 


61*68 


74-88 


94 


46*58 


57*06 


•838 


91-66 


52*30 


75-78 


95 


46-98 


67-55 


. '818 


91-97 


62*92 


76*68 


96 


47-34 


58*00 


•858 


92*28 


63*52 


77-55 


W. 


47-71 


68*45 


•867 


92*59 


5411 


78*40 


98 


48*08 


58-90 


•877 


92*90 


54*71 


79-28 


99 


48-44 


60*35 


•887 


93*22 


55*32 


80*16 


100 


48*81 


59*80 


*897 


93*53 


55*93 


8104 


101 


49*18 


60*25 


•907 


93*81 


56 53 


81*92 


102 


49*55 


6070 


•917 


94-15 


57*14 


82*80. 


103 


49*91 


61*15 


•926 


94*46 


57-76 


83-70 


101 


50*28 


61-60 


•936 


91*77 


68*37 


81*58 


105 


50*65 


62*05 


-916 


95*09 


5900 


85*50 


106 


51*00 


62-50 


•956 


95-40 


59*62 


86-39 


107 


51-36 


62-95 


•966 


95*71 


60*24 


87*29 


108 


61-73 


63*40 


•976 


96*02 


60-87 


88-20 


109 


62-10 


63*85 


•986 


96*33 


61*50 


89*11 


110 


52-46 


64*30 


•996 


96 65 


62*14 


90-04 


111 


62*83 


W75 


1-006 


96*96 


62*78 


90-97 


112 


53*20 


65-20 


1-017 


97-27 


63*42 


91*89 


113 


63-57 


65 65 


1-027 


97-58 


64*06 


92*82 


114 


63*94 


66-10 


1*037 


97*89 


64*70 


93-75 


115 


64*33 


66-55 


1-047 


98*20 


65*35 


94*70 


116 


64*68 


66-98 


1-058 


98*52 


65*99 


95-62 


117 


65*04 


67-42 


1-068 


98*83 


66*63 


96-54 


118 


65*39 


67-85 


1-078 


99*14 


67*26 


97*46 


119 


. 65*75 


68-29 


1-089 


99*45 


67-91 


98-42 


120 


66*10 


68-72 


1*099 


99*76 


68-55 


99*33 


121 


66*46 


69*16 


1*109 


100*07 


69*20 


100*28 


122 


66-81 


69*69 


1*120 


100*39 


69*86 


101*23 


123 


67*17 


70*03 


1*131 


100*70 


7052 


10*3*20 • 


124 


67*52 


70*46 


1-141 


101*01 


71*17 


103*13 


125 


57*88 


70*90 


1^151 


101-32 


71-83 


10(08 


126 


58-22 


71-32 


1-162 


101*64 


72-48 


10503 


127 


68*56 


71*74 


1-172 


101*95 


73*13 


105*99 
106*93 


128 


68*90 


72*16 


1-183 


102*26 


73-79 


129 


59*25 


72-58 


1*193 


102*57 


74*44 


107*88 


130 


69*60 


73*00 


1-204 


102-88 


75*10 


108*82 


131 


59*92 


73*40 


1-214 


10319 


75*74 


109*76 


132 


60*25 


73*80 


1-225 


103-50 


76-38 


110 68 


133 


60*58 


74*20 


1-236 


103-82 


77*03 


111*62 


134 


60*90 


74*60 


1-247 


101-13 


77*68 


112*57 


135 


61-23 


75*00 


1-^7 


104-44 


78-33 


113-50 


136 


61-58 


75*43 


1-268 


104*75 


7901 


114*50 


137 


61-93 


75*86 


1-279 


105*07 


79*70 


115-50 


138 


62-28 


76*29 


1-289 


105*38 


►0*39 


116*50 


139 


62-&3 


76-72 


1-300 


105*69 


81*09 


117*49 



* Theoretically, but practically the same figure indicates yield of 

NasSO^ of 96 per cent. 
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R— SULPHURIC AClD.-^Continued, 

)hiirio Acid a 
lolb's Table). 



1. Speoiflc Gravity of Sulphuric^cid at 60*F. (calculated from 



TwaddeL 


100 parts] 
con 

SO., 


by weight 
tain 

HjSO* 


Kilo per 
Utre. 

H,S04 


1 Cubic F 

weighs 
lb. avd. 


oot of Aci( 

contains 

lb. avd. 

H,S04 


1 (60* Fahr. 

yields* 
lb. avd. 
Na,S04 


140 


62-98 


77*15 


1*311 


106*00 


81*77 


118-50 


Ul 


63*33 


77*58 


1*322 


106*31 


82*47 


119*51 


U2 


6368 


7801 


1*333 


106*62 


83*17 


120*52 


143 


64*04 


78*44 


1*345 


106-94 


83-t8 


121*56 


IH 


64-39 


78-87 


1*356 


107*25 


84*58 


122*57 


U5 


64-74 


79*30 


1*367 


• 107*56 


85*29 


123*59 


U6 


65 09 


79-73 


1-379 


107*87 


86*00 


124*61 


147 


65*44 


80*16 


1-390 


108*18 


86*71 


125*65 


148 


65-79 


80*50 


1*402 


108*49 


87*43 


126*70 


149 


66*14 


81*02 


14J3 


108-80 


88*14 


127*72 


150 


66*49 


81*45 


1*425 


109*12 


88-87 


128*79 


151 


66*94 


82-00 


1*438 


109*43 


89*73 


130*03 


152 


67*39 


82*56 


1*452 


109-74 


90-60 


131*29 


153 


67-84 


8311 


1*466 


11005 


91*46 


132*55 


154 


68*30 


83*67 


1*480 


110*36 


92*33 


133-80 


155 


68-75 


84*22 


1*494 


110-68 


93*21 


135*07 


156 


69*20 


8478 


1*509 


110-99 


94-09 


136-35 


157 


69*66 


85-33 


1-523 


111*30 


94-97 


137-62 


158 


70*11 


85*89 


1*537 


111*61 


95-86 


138*91 


159 


70-56 


86*44 


1*561 


111*92 


9674 


140*20 


160 


71*02 


87 00 


1-566 


112*23 


97*64 


141*22 


161 


71*58 


87*69 


1*582 


112-54 


96*68 


142-98 


162 


7215 


88*39 


1*599 


112-85 


99*75 


144-54 


163 


72*71 


89-88 


1-616 


113-16 


100*80 


146*06 



* Theoretically, but practically the same fiKure indicates yield of 

Na2S04 of 96 per cent. 



la. Specific Gravities of most highly-concentrated Sulphuric Acids at 15°C. 

(Lunge and Naef ^). 



Proo. 
SO4H, 


Spec. 


Tw. 


Proc. 
SO4H2 


Spec. 

t 


Tw. 


Proc. 
SO4H, 


Spec. 


90 


1-8185 


1637 


94 


1-8872 


167*4 


98 


1*8412 


90*20 


1*8195 




•94*84 


1-8387 




* 98-39 


1-8406* 


91 


1-8-241 


164*8 


95 


1-8390 


167*8 


• 98*66 


1*8409» 


91*48 


1*8271 




' •95*97 


1-8406 




99 


1*8403 


92 


1-8294 


165*9 


96 


1*8406 


168*1 


•99*47 


1*8395 


9-2*83 


1*8334 




97 


1*8410 




•100*00 


1*8384 


93 


1*8339 


166-8 


♦9770 


1*8413 









Tw. 



^Chem, Industrie, 1883, February.— The values marked * are found 
directly by experiment, the others are interpolated. The weights are 
reduced to water of 4° O. and the vacuum. All these values refer to 
chemically pure acid. The specific gravity of commercial acids is con- 
siderably higher in the case of the highest strengths, but too unequal for 
acids of difl'erent manufactures to admit of embodying them in a table. 

'Prepared by mixing 95 per cent, acid with fuming acid. 

'Prepared by direct evaporation of 95 per cent. acid. 
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3. — SPECIFIC GRAVITIES AND PERCENTAGE OF 
FUMING (NORDHAUSEN) OIL OF VITRIOL AT DIFFE- 
RENT TEMPERATURES. 



Density at 


SO., 


15' 


20° 


25" 


30' 


35'C. 


Per Cent. 


1-8417 
1-8427 
1*8428 
1-8437 
1*8427 


1*8371 
1*8378 
1-8388 
1-8390 
1*8386 


1*8323 
1*8333 
1*8351 
1*8346 
1*8351 


1*8287 
1*8295 
1*8302 
1*8300 
1*8297 


1*8240 
1*8249 
1*8255 
1-8Z57 
1*8250 


76-67 
77-49 
78-34 
79-04 
79-99 


1*8420 
1*8398 
1*8446 
1-8509 
1*8571 


1*8372 
1*8350 
1*8400 
1*8466 
1*8522 


1*8326 
1-8305 
1-8353 
1-8418 
1-8476 


1-8281 
1-8263 
1-&307 
1-8371 
1-8432 


1-8234 
1*8218 
1*8262 
1*8324 
1*8385 


80-46 
80-94 
81-37 
81-91 
82-17 


1*8697 
1*8790 
1*8875 
1*8942 
1*8990 


1-8647 
1*8742 
1*8823 
1-8888 
1-8940 


1-8595 
1-8687 
1-8767 
1-8833 
1-8890 


1*8545 
1*8640 
1*8713 
1-8775 
1*8830 


1*8498 
1*8592 
1-8661 
1-8722 

1*8772 


82-94 
83-25 
83-84 
84-12 
84-33 


1*9034 
1*9072 
1*9095 
1*9121 
1*9250 


1*8984 
1-9021 
1-9042 
1*9053 
1*9193 


1-8930 
1*8950 
1*8986 
1*8993 
1*9135 


1*8874 
1*8900 . 
1-8932 
1-8948 
1*9082 


1-8820 
1-8845 
1*8866 
1*8892 
1*9023 


84-67 
84-82 
84-99 
8514 
85-54 


1*9290 
1*9368 
1*9447 
1*9520 
1-9584 


1*9236 
1*9310 
1*9392 
1*9465 
1*9528 


1*9183 
1-9250 
1*9334 
1*9402 
1*9466 


1*9129 
1*9187 
1*9279 
1*9338 
1*9406 


1*9073 
1*9122 
1*9222 
1*9278 
1*9340 


85-68 
85-88 
86-51 
86-72 
87-OJ 


1*9632 
cryst. 


1*9573 
cryst. 


1*9518 
1*9740 


1*9457 
1*9666 


1*9398 
1*9740 


87*46 
83-00 



The above table is only intended for controlling the works, but not for 
commercial purposes, because the speciflc gravity is anything but a cer- 
tain guide for the percentage of Nordhausen acid, and altogether fails as 
such for the strengths just below the monohydrate. The table was not 
made for chemically pure acids, but for commercial acid. 
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4.~TABLE FOR REDUCING THE SPECIFIC GRAVITIES 
OF SULPHURIC ACID OF VARIOUS STRENGTHS 
TO ANY OTHER TEMPERATURE (DEGREES C). 



0- 


5' 


10' 


15" 


20' 


25' 


30' 


35* 


40* 


45' 


60' 


1-857 


1-852 


1-846 


1-840 


1-835 


1-830 


1-825 


1-821 


1-816 


1-811 


1-806 


1-847 


1-841 


1-836 


1*830 


1-825 


1-820 


1-815 


1-810 


1-805 


1-800 


1-795 


1-837 


1-831 


1*825 


1-820 


1-815 


1-809 


1*804 


1-799 


1-794 


1-789 


1784 


1-827 


1*821 


1-815 


1-810 


1*805 


1-799 


1-793 


1-788 


1-783 


1-778 


1773 


1-817 


1-811 


1-805 


1-800 


1-794 


1-788 


1-783 


1-777 


1-772 


1-766 


1-761 


1-807 


1-801 


1-796 


1*790 


1-784 


1778 


1*773. 


1-767 


1-762 


1756 


1-751 


1-797 


1-791 


1*786 


1*780 


1-774 


1-768 


1-763 


1-757 


1-752 


1-746 


1-741 


1-786 


1-781 


1-776 


1-770 


1-765 


1-750 


1-754 


1-748 


1-743 


1-737 


1-732 


1-776 


1-770 


1-765 


1*760 


1-755 


1-749 


1-744 


1-738 


1-733 


1728 


1-723 


1-766 


1-760 


1-755 


1-750 


1-745 


1740 


1-735 


1-730 


1-725 


1720 


1715 


1-754 


1-750 


1-745 


1-740 


1-735 


1-730 


1-726 


1-721 


1716 


1-711 


1-706 


1-744 


1-740 


1-735 


1730 


1-725 


1-720 


1-716 


1-711 


1-706 


1-701 


1*696 


1-734 


1-730 


1-725 


1-720 


1715 


1-710 


1-706 


1-701 


1-696 


1*691 


1-686 


1-724 


1-720 


1-715 


1710 


1-705 


1-700 


.1-696 


1-691 


1-686 


1*681 


1*676 


1-714 


1710 


1-705 


1-700 


1-695 


1-690 


1-686 


1-681 


1-676 


1-671 


1*667 


1-701 


1-700 


1*695 


1-690 


1-685 


1-680 


1*676 


1-671 


1*666 


1-661 


1*656 


1-694 


1*690 


1-685 


1*680 


1-675 


1-670 


1-666 


1-661 


1-656 


1-651 


1*646 


1-684 


1-680 


1-675 


1-670 


1-665 


1-660 


1-656 


1-651 


1-646 


1*641 


1*637 


1-674 


1-670 


1-665 


1*660 


1-655 


1-650 


1*646 


1-641 


1*636 


1-632 


1-628 


1-664 


1-660 


1*655 


1*650 


1-645 


1-640 


l*6d6 


1*632 


1*627 


1-622 


1*618 


1-654 


1-650 


1-645 


1*640 


1-635 


1-631 


1-626 


1-622 


1-617 


1-612 


1-608 


1-644 


1-640 


1-635 


1*630 


1-625 


1-621 


1*616 


1-612 


1*607 


1-602 


1-598 


1-634 


1*630 


1-625 


1-620 


1-615 


1-611 


1-606 


1-602 


1-597 


1-592 


1-588 


1-624 


1*620 


1-615 


1-610 


1-605 


1-601 


1-596 


1-592 


1*587 


1-582 


1-578 


1-614 


1-610 


1-605 


1-600 


1-595 


1-591 


1-586 


1*582 


1-577 


1-572 


1-568 


1-604 


1-600 


1-595 


1-590 


1-585 


1-581 


1-576 


1-572 


1-567 


1-562 


1-558 


1-594 


1-589 


1-584 


1-580 


1-575 


1-570 


1-566 


1*562 


1-558 


1-553 


1-548 


1-584 


1-579 


1-574 
1-564 


1-570 


1-566 


1-561 


1-556 


1-552 


1-548 


1-543 


1-539 


1-574 


1*569 


1-560 


1-556 


1-552 


1-547 


1-543 


1*539 


1-534 


1-530 


1-563 


1-558 


1-554 


1-550 


1-546 


1-542 


1-538 


1-534 


1-530 


1-525 


1-521 


1-552 


1-548 


1-544 


1-540 


1-536 


1-532 


1-528 


1-524 


1-520 


1-516 


1-512 


1-542 


1*538 


1-534 


1-530 


1-526 


1-522 


1*518 


1-514 


1-510 


1-606 


1-502 


1-532 


1-528 


1-524 


1-520 


1-516 


1-512 


1*508 


1-504 


1*500 


1-497 


1-492 


1-522 


1-518 


1-514 


1-510 


1*506 


1-502 


1*498 


1-494 


1*490 


1-486 


1-482 


1-512 


1-508 


1-504 


1-500 


1*496 


1-492 


1*488 


1-484 


1*480 


1-476 


1*472 


1-502 


1*498 


1-494 


1-490 


1-486 


1-482 


1-478 


1-474 


1-470 


1-466 


1-462 


1-492 


1-488 


1*484 


1-480 


1-476 


1-472 


1*468 


1-465 


1-461 


1-467 


1-453 


1-482 


1*478 


1*474- 


1*470 


1*466 


1-462 


1-458 


1-455 


1-451 


1-447 


1-443 


1-472 


1*468 


1*464 


1*460 


1-456 


1*452 


1-448 


1-445 


1*442 


1-438 


1-434 


1-462 


1*458 


1*454 


1-450 


1-446 


1*442 


1-438 


1-435 


1*432 


1-429 


1-425 


1-452 


1-448 


1-444 


1-440 


1-436 


1*432 


1-429 


1-428 


1-423 


1-420 


1-416 


1-442 


1-438 


1*434 


1-430 


1-426 


1-422 


1*419 


1-416 


1*413 


1-409 


1-405 


1-432 


1-428 


1-424 


1*420 


1-416 


1*413 


1*410 


1*406 


1-402 


1-398 


1-394 


1422 


1-418 


1-414 


1*410 


1-406 


1-403 


1*399 


1-396 


1*392 


1-388 


1-384 


1-412 


1-408 


1-404 


1-400 


1-396 


1-393 


1*389 


1-386 


1-382 


1-378 


1-374 


1-402 


1-398 


1*394 


1-390 


1-386 


1*383 


1379 


1-372 


1*372 


1-368 


1-364 


1-392 


1-888 


1*384 


1*380 


1*376 


1-373 


1-370 


1-362 


1*362 


1-359 


1-255 


1-3^2 


1*378 


1-374 


1370 


1*366 


1*363 


1*360 


1-352 


1-352 


1-349 


1-346 


1-372 


1-368 


1-364 


1*360 


1*356 


1*353 


1*350 


1-344 


1-344 


1-340 


1336 


l-36i 1 1-358 


1-354 


1*350 


1*346 


1-3J3 


1*340 


1-334 


1-334 


1-330 


1*326 
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4.— TABLE FOR REDUCING THE SPECIFIC GRAVi 
OF SULPHURIC ACID OF VARIOUS STRENGTfl 
ANY OTHER TEMPERATURE (DEGREES C.)—Cont 



55' 


60' 


65* 


70' 


75' 


80' 


85' 


90' 


95- 


1-801 


1-796 


1-792 


1-787 


1-782 


1-778 


1*774 


1*770 


1*766 


1*790 


1-787 


1-781 


1-776 


1-770 


1-766 


1*762 


1*757 


1-752 


1779 


1*774 


1-769 


1-764 


1-759 


1-754 


1-749 


• 1-744 


1-739 


1-767 


1*762 


1-757 


1-752 


1-747 


1-741 


1-736 


1*731 


1-726 


1-755 


1-750 


1-744 


1-739 


1-734 


1-729 


1-724 


1*719 


1-714 


1-746 


1*741 


1-735 


1-730 


1-725 


1-720 


1-715 


1*710 


1*705 


1-736 


1-731 


1-726 


1-721 


1-716 


1-712 


1-707 


1*702 


1*697 


1-727 


1-722 


1-717 


1-712 


1-707 


1-702 


1-697 


1-693 


1*688 


. 1-718 


1-713 


1-708 


1-703 


1-698 


1-693 


1-688 


1-684 


1*679 


1-710 


1-705 


1-700 


1-695 


1-699 


1-685 


1-681 


1-676 


1*671 


1-702 


1-607 


1-692 


1-688 


1-683 


1-678 


1-674 


1-669 


1*664 


1-602 


1-687 


1-683 


1-678 


1-673 


1*668 


1-664 


1-669 


1*654 


1-682 


1-677 


1-673 


1-668 


1-663 


1-659 


1-654 


1-649 


1*644 


1-672 


1-667 


1-663 


1-658 


1-663 


1-649 


1-644 


1-639 


1-635 


1-662 


1-657 


1-653 


1-648 


1-644 


vessk 


1-634 


1-630 


1*626 


1-652 


1-647 


1-642 


1-638 


1-634 


1-630 


1*625 


1-620 


1*615 


1-642 


1-637 


1-632 


1-628 


1-624 


1-620 


1*615 


1-611 


1*606 


1*633 


1-628 


1-623 


1-619 


1-615 


1-611 


1*606 


1-602 


1*597 


1-623 


1-619 


1-614 


1-610 


1-606 


1-602 


1*697 


1-583 


1*588 


1*614 


1-610 


1-605 


1-600 


1-696 


1-592 


1*588 


1-683 


1-579 


1-6(W 


1-600 


1-505 


1-501 


1-586 


1-582 


1-578 


1-674 


1*570 


1-504 


1-590 


1-585 


1-581 


1-677 


1-573 


1*560 


1-565 


1*561 


1-584 


1-580 


1-576 


1-572 


1-568 


1-564 


1*560 


1-656 


1*552 


1-574 


1-570 


1-566 


1-562 


1-558 


1-564 


1*550 


1-646 


1-642 


1-564 


1-560 


1-556 


1-552 


1548 


1-544 


1*540 


1-536 


1-631 


1*554 


1-550 


1*515 


1-541 


1-537 


1-533 


1*529 


1-525 


1*621 


1-M4 


1-539 


1-535 


1-531 


1-627 


1-623 


1*619 


1-615 


1*510 


1-535 


1-531 


1-526 


1-522 


1-518 


1-513 


1*509 


1-505 


1*501 


1-526 


1-522 


1-517 


1-513 


1-509 


1-504 


1*600 


1-496 


1*492 


1-517 


1-513 


1*509 


1-504 


1-500 


1-495 


1*491 


1-487 


1-483 


1-508 


1-504 


1*500 


1-495 


1-491 


1-486 


1*483 


1-478 


1*473 


1-496 


1-494 


1-490 


1-485 


1-481 


1-476 


1*472 


1-468 


1-463 


1-488 


1-484 


1-480 


1-476 


1-472 


1-467 


1*462 


1-458 


1*463 


1-478 


1-474 


1-470 


1-466 


1-462 


1-457 


1-452 


1-448 


1-443 


1-468 


1-464 


1-460 


1-455 


1-461 


1-446 


1-442 


1-438 


1*433 


1-458 


1-454 


1-450 


1-442 


1-441 


1-437 


1*433 


1-429 


1*424 


1*449 


1-445 


1-441 


1-438 


1-432 


1*428 


1*424 


1-419 


1*414 


1*439 


1-435 


1-431 


1-427 


1-423 


1*418 


1*414 


1-409 


1*405 


1*430 


1-426 


1-422 


1-418 


1-413 


1*409 


1*405 


1*400 


1*396 


1*421 


1-417 


1-413 


1-409 


1-404 


1*400 


1*396 


1*391 


1-387 


1-412 


1-407 


1-403 


1-399 


1-385 


1*391 


1*386 


1-382 


1-378 


1*401 


1-397 


1-3P3 


1-389 


1'385 


1*380 


1*376 


1*372 


1*368 


1*390 


1-386 


1-382 


1*378 


1-374 


1*370 


1*366 


1*362 


1*358 


1-380 


1-376 


1-372 


1-368 


i:364 


1*360 


1*356 


1*352 


1*348 


1-370 


1-366 


1-362 


1-358 


1-354 


1*350 


1*346 


1*342 


1*338 


1-360 


1*356 


1-352 


1-348 


^^ 


_ 


^^ 


^_ 


^.^ 


1-351 


1-346 , 


1-342 


1-338 


— 


— 


— 


— 


— 


1-342 


1-337 , 


1-334 


1-329 


— 


— 


— 


^— 


— 


1*332 


1-327 


1-323 


1-319 


— . 


— 


— . 


— 


— 


1*322 


1-317 


1-314 


1-310 


— 


— 


- 


— 


— 



94 



4.— TABLE FOR REDUCING THE SPECIFIC GRAVITIES 
OF SULPHURIC ACID OF VARIOUS STRENGTHS TO 
ANY OTHER TEMPERATURE (DEGREES C.)—Continv€d. 



0' 


6" 

1-348 


10* 


15* 


20* 


25' 


30- 


35' 


40' 


45' 


50' 


1-352 


1-344 


1-340 


1-336 


1-333 


1-330 


1-327 


1-324 


1-320 


1-316 


1-341 


1-337 


1-333 


1-330 


1-327 


1-324 


1-321 


1-318 


1-314 


1-310 


1-306 


1-330 


1-326 


1-323 


1-320 


1-317 


1-314 


1-311 


1-308 


1-304 


1-301 


1-297 


1-320 


1-316 


1-313 


1-310 


1-307 


1-304 


1-301 


1-298 


1-294 1-291 1 


1-287 


1-310 


1-306 


1-303 


1-300 


1-297 


1-294 


1-291 


1-288 


1-284 


1-281 


1-277 


1-300 


1-296 


1-293 


1-290 


1-287 


1-284 


1-280 


1-277 


1-274 


1-270 


1-267 


1-290 


T286 


1-283 


1-280 


1-277 


1-274 


1-270 


1-267 


1-264 


1-260 


1-256 


1-280 


1-276 


1-273 


1-270 


1-267 


1-264 


1-260 


1257 


1-254 


1-250 


1-246 


1-270 


1-266 


1-263 


1-260 


1-257 


1-254 


1-251 


1-248 


1-245 


1-241 


1-237 


1-260 


1-256 


1-253 


1-250 


1-247 


1*244 


1-241 


1-238 


1-235 


1-231 


1-227 


1-250 


1-246 


1-243 


1-240 


1-237 


1-234 


1-230 


1-227 


1-224 


1-220 


1-217 


1-240 


1-236 


1-233 


1-230 


1-227 


1-224 


1-220 


1-217 


1-214 


1-210 


1-207 


1-230 


1-226 


1-223 


1-2-20 


1-217 


1-214 


1-210 


1-207 


1-204 


1-200 


1-197 


1-220 


1-216 


1-213 


1-210 


1-206 


1-204 


1-200 


1197 


1-194 


1-190 


1-187 


1-210 


1-206 


1-203 


1-200 


1196 


1-193 


1-190 


1-186 


1-183 


1-180 


1-176 


1-200 


1-196 


1-193 


1-190 


1-186 


1-183 


1-180 


1-176 


1-173 


1-169 


1-165 


1-190 


1-186 


1-183 


1-180 


1-176 


1-173 


1-170 


1-166 


1-163 


1159 


1-155 


1-180 


1-176 


1-173 


1-170 


1-166 


1-16;< 


1*160 


1156 


1-153 


1-149 


1-146 


1-169 


1-166 


1-163 


1-160 


1-157 


1-153 


1-150 


1147 


1-144 


1-Ul 


1-138 


1159 


1-156 


1-153 


1150 


1-147 


1143 


1-140 


1-137 


1-134 


1-131 


1128 


1-149 


1-146 


1-143 


1-140 


1-137 


1-131 


1-131 


1-128 


1-125 


1-122 


1-119 


1-138 


1135 


1-133 


1-130 


1-127 


1-125 


1-122 


1119 


1-116 


1-113 


1-110 


1-128 


1-125 


1-123 


1120 


1-118 


1-115 


1-112 


1-110 


1-107 


1-104 


1-102 


1118 


1115 


1-113 


1-110 


1-108 


1-105 


1102 


1-100 


1-097 


1-094 


1-092 


1-108 


1-105 


1-103 


1-000 


1-097 


1-094 


1-092 


1*090 


1-087 


1-084 


1-082 


1-098 


1-095 


1-093 


1-090 


1-087 


1-084 


1-082 


1-080 


1-077 


1-074 


1-072 


1-088 


1-085 


1-083 


1-080 


1-077 


1074 


1-072 


1-070 


1-067 


1-064 


1-062 


1-078 


1-075 


1-073 


1-070 


1-067 


1064 


1-062 


1060 


1-057 


1-054 


1-052 


1-068 


1-065 


1-063 


1-060 


1-057 


1054 


1-052 


1050 


1048 


1044 


1-042 


1-058 


1-055 


1-053 


1-050 


1-047 


1-044 


1042 


1-040 


1-038 


1-034 


1032 


1-048 


1-045 


1-043 


1-040 


1-037 


1-034 


1-032 


1-030 


1-028 


1-024 


1-022 


1-038 


1-035 


l'(m 


1-030 


1-027 


1-024 


1-022 


1-020 


1-018 


1014 


1-012 


1-028 


1-025 


1-023 


1-020 


1-017 


1-014 


1-012 


1-010 


1-008 


1-004 


1-002 


1-018 


1-015 


1-013 


1-010 


1-007 


1-004 


1-002 


1000 


0-998 


0-994 


0-992 



6.— FREEZING AND MELTING POINTS OF SULPHURIC 

ACID.* 



Spec. Grav. at 15*. 


Freezing point. 


Melting point. 


1-671 


Liquid at -20' 


.^ 


1-691 


Liquid at -20' 


— 


1-712 


Liquid at -20' 


— 


1-727 


-7-5- 


-7-5" 


1-732 


-8-5 


-8-5 


1-749 


-0-2 


+4-5 


1-767 


+1-6 


+6-5 


1-778 


+8-5 


+8-5 


1-790 


+4-5 


+8-0 


1-807 


-9-0 


-6-0 


1-822 


Liquid at -20' 


— 


1-840 


Liquid at-20* 


— 



Lungre, Berichte d, deutach, chem, Oea, 1881 S. 



*.-TABLE FOR REDUCING THE SPECIFIC GRAVITIES 
OF SULPHURIC ACID OF VARIOUS STRENGTHS TO 
ANY OTHER TEMPERATURE (DEGREES C.)~ConHnued. 
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60* 


65* 


70* 
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-200 
■ISO 
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1 
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E 




E 


= 


Z 



Proc 


'IS: 


Boll. 




t 




Tmn 


»ff 






Point. 
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7.— PERCENTAGE OF SO, IN NORDHAUSEN OIL OF 

VITRIOL. 



Found by 


Contains 


r 

Found by 


Contains 


Found by 


ContainH 


Titrating 


per cent. 


Titrating 


per cent. 


Titrating 


per cent. 


SO, 


SO4H, 


SO, 




SO, 


SO4H, 


SO, 
34 


SO, 


SO4H, 


SO.X 


81-6326 


100 


87-8775 


66 


93-9387 


33 


67 


81*8163 


99 


1 


88-0612 


65 


35 


94-1224 


32 


68 


82-0000 


98 


2 


88*2448 


64 


36 


94*3061 


31 


69 


82-1836 


97 


3 


88-4285 


63 


is 


94*4897 


30 


70 


82-3674 . 


96 


4 


88*6122 


62 


94*6734 


29 


71 


82-5510 


95 


5 


88-7959 


61 


39 


94-8571 


28 


72 


827316 


94 


6 


88-9795 


60 


40 


95-0408 


27 


7a 


82-9183 


93 


7 


! 89-1632 


59 


41 


95-2244 


26 


74 


83-1020 


92 


8 


89-3469 


58 


42 


95-4061 


25 




83-2857 


91 


9 


< 89-5306 

1 


57 


43 


95*5918 


24 


— 


83-46a3 


90 


10 


1 89-7142 


56 


44 


95*7755 


23 


.^^ 


Km'iW 


89 


11 


89*8979 


55 


45 


95-9591 


22 


__ 


83-8367 


88 


12 


90-0816 


54 


46 


96-1428 


21 


^^ 


84-0201 


87 


13 


90-2653 


53 


47 


96-3265 


20 


_i. 


84-2010 


86 


14 


90-4489 


52 


48 


96-5102 

1 


19 


— 


84-3877 


85 


15 


90-6326 


51 


49 


96-6938 


18 


^^^ 


84-5714 


84 


16 


90*8163 


50 


50 


96-8775 


17 


_^ 


84-7551 


83 


17 


91-0000 


49 


61 


97-0612 


16 


__ 


W9387 


82 


18 


91-1836 


48 


52 


97-2448 


15 


_ 


85-1224 


81 


19 


91-3673 


47 


53 


97*4285 


14 


— 


85-3061 


80 


20 


91-5510 


46 


54 


; 97-6122 


13 


^^^ 


85-4897 


79 


21 


91*7346 


45 


55 


< 97-7959 


12 


i__ 


85-6734 


78 


22 


91-9183 


44 


56 


97-9795 


11 


_ 


85-8571 


77 


23 


92-1020 


43 


57 


98-1632 


10 


_^ 


86-0408 


76 


24 


92-2857 


42 


58 


98-3469 


9 


— 


86-2244 


75 


25 


92-4093 


41 


59 


, 96-5306 


8 


^^^ 


86*4081 


74 


26 


92-6530 


40 


60 


1 987142 


7 


^_ 


86-5918 


73 


27 


92-8367 


39 


61 


; 98-8979 


6 


^_ 


86-7755 


72 


28 


93*0204 


38 


62 


99-0816 


5 


.^ 


86*9591 


71 


29 


93-2040 


37 


63 


99-2653 


4 


— 


87-1428 


70 


30 


93-3877 


36 


64 


99-4489 


3 


_ 


87-3265 


69 


31 


93*5714 


35 


65 


99-6326 


2 


___ 


87-5102 


68 


32 


93-7551 


34 


66 


99-8163 


1 


_^ 


87-6938 


67 


33 
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7a.— THE QUANTITATIVE ESTIMATION OF SULPHURIC 

ACID 

is made by titrating a measured volume by standard soda solution. 
The results are always expressed in per cent, of monohydrated 
sulphuric acid (hydrogen sulphate, HjSO^) by weight. The specific 
gravity of the acid is taken with a hydrometer. This is called x. 
Take 10c. c. of the acid with an accurate pipette, dilute to 100c. c, 
and take again 10c. c. of this for titration. If the number of cubic 
centimetres of normal soda solution (=0'031gr. Na^O ^r cubic 
centimetre consumed) is called y, the percentage of the acid is 

4% 

X 

The normal soda solution is standardised ' with normal hydro- 
chloric acid (0*0365gr. of HCl per cubic centimetre), and the latter 
with pure sodium carbonate, which thus forms the foundation of 
alkalinietry and acidimetry. (Compare the Appendix. ) 



8.— EXAMINATION OF SULPHURIC ACID FOR 
OTHER SUBSTANCES. 

(a) Nitrotis Acid is titrated with semi-normal permanganate. 
(Preparation in the Appendix.) This can be done without loss of 
NO when manipulating, as follows (Lunge, Berliner Berichte x. 
1075) : Put the nitrous vitriol into a burette fitted with a glass tap, 
and run it slowly into a measured quantity of permanganate, diluted 
with 5 times its volume of tepid water (30** C. to 40° C.), and 
constantly agitate, till the colour just vanishes. Each cubic 
centimetre of the permanganate indicates O^OOOogrm. N2O3, hence 
more or less of it is employed, according to whether an acid 
containing more or less Nads is titrated. For chamber acid employ 
at most 6c. c. ; for good Gay-Lussac acid up to 50c. c. of perman- 
ganate. If the quantity of permanganate is called 2;, and that of 
the vitriol consumed for decolourising it y, the quantity of N2O3 
present in grammes per litre of acid is 

9-5a; 

y 

Calculated as NO3H = 1^:Z^ 



as NaN03= 



y 

1\'2^x 



y 

The following table saves the calculation for all cases in which 
aj=50. The column y gives the number of cubic centimetres of 
nitrous vitriol used, a tne percentao^e in grammes per litre, and h the 
percentage by weight for acid of 140'' Tw. (For other strengths the 
percentage by weight is calculated by dividing the figures of 
column tt by 10 X specific gra\dty. ) 

H 
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TABLE FOB ESTIMATING NITROUS VITRIOL. 

Employ 50c. c. of semi-normal permanganate. The results are 
expressed as NO3H and NOsNa. The column y refers to acid of 
140** Tw. as unit :— 



Acid 


NO3H 


NO.,Na 


"Acid 


NO3H 


NOaNa 


con- 










Con- 










811 m'd 


a 


b 


a 


b 


siimd 


a 


b 


a 


b 


y 

C.C. 


K. per 
Litre. 


Per 
cent. 


g'per 
Litre. 


Per 
cent. 


V 
c,c. 


K.per 
Litre. 


Per 
cent. 


K.per 
litre. 


Per 
cent. 


10 


78-8 


4*82 


106-2 


6*22 


36 


21*9 


1*28 


29-5 


1*73 


11 


71-6 


4*20 


96*5 


5*65 


37 


21-3 


1*25 


28-7 


1*68 


12 


65*7 


3-85 


88-5 


518 


38 


20-7 


1*21 


28-0 


1-64 


13 


60*6 


3*65 


81*7 


4*78 


39 


202 


1*18 


27-3 


1*60 


14 


56*2 


3*28 


75*9 


4-44 


40 


19*7 


1*15 


26*6 


1*56 


15 


52-5 


307 


70*8 


4-14 


41 


19-2 


1*12 


25*9 


1*62 


16 


49*3 


2-89 


66*4 


3-91 


42 


18-8 


1*10 


25-3 


1*48 


17 


46*3 


2*71 


62*5 


3*65 


43 


18-3 


1-07 


24-7 


1*45 


18 


437 


2*56 


59*0 


3-45 


44 


17-9 


105 


24-2 


1*42 


19 


41-5 


2*43 


55.9 


3*27 


45 


17*5 


1-02 


23-6 


1*38 


20 


39*3 


2-30 


63*1 


311 


46 


17*1 


1-00 


23-1 


1*35 


21 


37*5 


2*19 


60*6 


2*96 


47 


16-8 


0-98 


22*6 


1*32 


9f?, 


35*7 


2*09 


48*3 


2*82 


48 


16-4 


0-96 


22*2 


1*30 


23 


34-2 


2-00 


46*3 


2-71 


49 


16*1 


0-94 


21*7 


1*27 


24 


32-8 


1-92 


44*4 


2-60 


50 


15-8 


0-925 


21*3 


1-25 


25 


31*5 


1-84 


42*5 


2*49 


55 


14-4 


0-835 


19-3 


1*13 


26 


30-3 


1*77 


40-8 


2*39 


60 


131 


0*765 


177 


1*04 


^ 


29*1 


1*71 


39-4 


2*30 


65 


121 


0*705 


16-4 


0*96 


28 


28*1 


1*64 


38-0 


2*22 


70 


11-2 


0-655 


15-2 


0*89 


29 


27*1 


1-58 


36-7 


2*15 


75 


10-5 


0.615 


14*15 


0-827 


30 


26*3 


1-54 


36*5 


2*08 


80 


9*85 


0*675 


13-3 


0-778 


31 


25*5 


1*49 


34*3 


2*01 


85 


9-2 


0*538 


12-5 


0730 


32 


24*6 


1*44 


33-3 


1*95 


90 


8-7 


0*510 


11*8 


0«92 


33 


23-9 


1*40 


32*3 


1-89 


95 


8-3 


0*485 


11-2 


0*655 


34 


23*2 


1*36 


31*3 


1*84 


100 


7-9 


0-462 


10-6 


0*620 


35 


22*5 


1*32 


30*4 


1-78 













N.B.— The flsrares in column a also indicate 0*011b. aYoirdupolB per 
gallon, or as nearly as possible ounces per cubic foot. 

(6) Total Nitrogen Acids, — These are contained in sulphuric acid 
asN.O,, or moreproperlyas nitroso-sulphuric acid, SOa(OH)(ONO), 
And 1^0 sH. NO can be present only m minute quantity, and not 
at all when NOsH is present. NsO^ is decomposed by sulphuric 
acid into nitrosulphuric and nitric acid. The estimation made 
according to a only indicates NaO,. The total of the nitrogen acids 
is converted into NO by shaking up the nitrous vitriol with mercury ; 
the quantity of NO formed is estimated by volume (Crum's reaction). 
This is done by Lunge's nitrometer (compare Lnnse's "Sulphuric Add 
and Alkali," L , 66 ; lii , 338). Fill the graduated limb a with mercury 
by raising the level tube h ; put the three-way cock in the position 
of communicating with none of the openings ; run the nitrous acid 
into the top cups of a from a Ice pipette graduated in t^*c., 
employing only 0*5c.c. of very strong but up to 5c c of very weak 
nitrous vitriol ; lower the level tube, open the cock carefully so that 
the vitriol runs down without any air entering ; pour 2 or 3cc of 
pure strong sulphuric acid, entirely free from nitrogen compounde, 
into the cup; let this acid enter the nitrometer, and repeat the washing 
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of the cup with 1 or 2c. c. of pure acid. Start the evolution of ^as hj 
taking the tube a out of the clamp, inclining it several times sQmost 
to the horizontal line, and suddenly righting it a^ain, so that 
mercury and acid are well mixed ; shake one or two minutes till no 
more gas is evolved. Place the tubes so that the mercury in b is as 
much higher as that in a as is required for balancing the acid in a; 
this will take 1mm. of Hg for 6|mm. of acid. The exact test can 
only be produced when the gas has taken the temperature of the 
room and all froth has subsided. Read off the volume of the gas, 
also a thermometer hung up close by. and a barometer. In order to 
check the levelling, open the cock, when the level of a should not 
change. If it rises, too much pressure has been given, and the 
reading must be increased a little, say O'lcc. If it sinks, the 
opposite must take place, t.e., always in the opposite sense to the 
change of level. Another plan is, putting a little acid into the cup 
before opening the cock. This would be sucked in if the pressure 
were too low, oi raised if too high. With adroit manipulation 
the experiment can then soon be corrected. After finishing it, lower 
the graduated tube a, lest on opening the tap any air should enter ; 
open the tap, raise the tube 6, force thus the gas and all acid into 
the cup, and put the tap so that the acid flows through its key into a 
vessel held below ; the last of it is drawn out by blotting paper. 
The nitrometer is then ready for the next experiment. A test must 
alwavs be made to see whether the ghiss tap is gas-ti^ht. It will 
hardly remain so without greasing it occasionsilly with vaseline; 
but this ought to be done very slightly, so as to avoid an^ grease 
getting into the bore ; for if the grease comes in contact with acid, 
troublesome froth is formed. This process is interfered with by the 
presence of sulphurous acid, the best test for which is the smell. 
To remove it, the acid is stirred up with a very slight quantity of 
powdered potassium permanganate. Any great excess of this 
makes the process very troublesome and inaccurate. The volume 
of NO read oflf is reduced to 0° C. and 760mm. (32'* F. and 29*92in.) 
by means of the tables, pa^e 27, and calculated for the nitrogen 
compounds present by the following table, in which column a means 
milligrammes, b per cent, by weight when employing Ice. acid of 
140" Tw. 



n^' 


N 


NO 


N,0, 


NO.,H 


NaNOa 


o*^ 


a 


b 


a 


b 


a 


b 


a 


b 


a 


b 


1 


0-627 


0-0366 


1-343 


0-0785 


1-701 


0-0995 


2-820 


0-1648 


3-805 


0.2225 


2 


1*254 


0-0732 


2-686 


0-1570 


3-402 


0*1990 


5-640 


0*3296 


7-610 


0-4450 


3 


1-881 


0-1098 


4-029 


0-2355 


5-103 


0*2985 


8*460 


0-4944 


11*415 


0-6675 


4 


2-508 


01464 


5-372 


0-3140 


6-804 


0-3980 


11*280 


0-6392 


15*220 


0-8900 


5 


3-135 


0-1830 


6-715 


0*3925 


8-506 


0*4975 


14*100 


0-8240 


19*025 


1-1125 


6 1 


3-762 


0*2196 


8-058 


0-4710 , 


10*206 


0-5070 


16*920 


0-9888 


22*830 


1-3350 


7 , 


4-389 


0-2562 


9-401 


0*5495 ! 


11-907 


0-6965 


19-740 


1-1536 


26-635 


1-5575 


8 ' 


5016 


0-2928 


10-744 


0-6280 


13-608 


0*7960 


-22-560 


1-3184 


30-440 


1-7800 


9 


5643 


0-3294 


12-087 


0-7065 


15-309 


0-8955 


25-380 


1*4832 


134-245 


2-0025 



Qualitative Test for Trances of Nitrogen Acid. — This is best done 
by means of diphenylamine. Dissolve a few grammes of diphenyl- 
amine in 100 parts of pure sulphuric acid. This should t>e 

h2 
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completely free from N compounds, and can be obtained, if not at 
hand, by boiling with a trace of ammonium sulphate. Dilate the 
acid witn ^^th volume of water before dissolving the diphenylamine. 
Pour about 2c. c. of the vitriol to be tested into a test tube, and 
run about Ice. of the diphenylamine solution upon it, so that the 
layers mix only gradually, in the case of dilute acids, or other 
lighter liquids, proceed m the opposite manner. The slightest 
traces of nitrogen acids are proved by the appearance of a brilliant 
blue colour in the area of contact of both liquids. 

(c) Examination for Lead. — Dilute the acid, if concentrated, 
with the same volume of water and twice its volume of alcohol. 
Allow the mixture to stand for some time, filter any precipitate of 
PbSO^, wash it with dilute alcohol, and dry and ignite in a 
porcelain crucible, burning the filter separately. Igr. PbSO^ — 
0-68317gr. Pb. 

(d) Examination for Iron. — Boil the acid, if free from nitrogen, 
with a drop of nitric acid to peroxidise the iron. Dilute a little, 
allow to cool, and add solution of potassium sulphocyanide. A 
red colour proves the presence of iron. If there is not too little of 
it, it can be quantitatively estimated in another sample by heating 
with pure zinc (free from iron), pouring ofif the zinc, washing the 
latter, allowing to cool, and titrating with permanganate. This is 
best employed as ^V^h normal, indicating 0*0028gr. Fe per cubic 
centimetre. Not less than 50c. c. of acid should be taken for this 
test, as the acid generally contains very little iron. 

9.— ANALYSES OF FUMING SULPHURIC ACID 
(NORDHAUSEN ACID, ANHYDRIDE). 

This is either weighed in glass bulbs or in a glass-tap tube. The 
former are very thin bulbs of about 2cm. diameter, ending each 
way in a capillary tube. Melt the acid, if solid, till it is just com- 
pletely homogeneous, and suck 3grms. to 5grms. of it into the bulb, 




Fio. 7. 



which ought to be half filled with it. The sucking is best done by 
means of a bottle closed with an indiarubber cork, through which 
passes a tightly-fitting glass tap, connected at its free end with an 
elastic tube. Suction is applied to the latter, the tap is closed, the 
elastic tube is drawn over one of the capillary ends of the weighing 
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bulb, and by opening the tap a sufficient quantity of acid is admitted 
into the bulb. The tube is cleaned, and one of the capillary ends 
is sealed at the lamp. The other end can be left open without fear 
of any loss of SO3 or attraction of moisture during weighing. The 
weighing is best done on a small platinum crucible with two 
nicks, on which the ends of the bulb can rest. If the latter 
should be accidei^lly broken the acid runs into the crucible, not 
on the balance. i*ut the bulb, after weighing, open end down- 
wards into a small £rlenmeyer flask, into the neck of which it 
ought to fit exactly (Fig. 7), and which contains so much water 
that the capillary tube dips pretty far into it, to prevent any 



Fig. 8. 



loss of SO3 on mixing the acid with water. Break off the 
other point, allow the acid to run out, squirt a few drops 
of water into the upper capillary, and ultimately rinse the whole 
bulb tube by repeated aspiration of water. Dilute the liquid to 
500 CO. and take 50 c.c. for each test. This is done with | norma 
soda solution (Ice. =:0'008grm. SO 3), and litmus or methyl-orange aft 
indicator. The acidity found is diminished by that proceeding 
from SO2, and found by titrating another sample with iodine. 
More convenient than the bulb tube (employed hitherto by most 
alizarin works) is the glass-tap tube, Fig. 8. The tap most be tight, 
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without greasing it, and the lower part of the tube must taper gradu- 
ally. Fillit by suction half or two-thirds, close the tap, turn the tube 
point upwards, clean it outside with paper and weigh it in a horizontal 
position. Even in the case of the strongest anhydrides there is no 
change of weight during the operation. Now place the tube point 
downwards in water, or in the case of pure anhydride and oi the 
strongest Nordhausen acids in a laver of cryst^lised, coarsely- 
powdered, sodium sulphate, and slowly run out ihe contents. Then 
squirt a drop of water from above into the tube, allow to stand for 
a moment, and rinse thoroughly "with water. If only '5grm. to Igrm. 
of acid had been weighed ofif, titrate directly. This process is more 
accurate than diluting and titrating only part of the liquid, but 
this cannot be avoided when a larger quantity of acid has been 
weighed. Anhydride, etc., once melted for the purpose of filling 
the tube remains liquid long enough to complete the weighing and 
running out without requiring to be heated again. 

3.— SALTCAKE AND HYDROCHLORIC ACID. 
A.— SALT (COMMON SALT, ROCK-SALT). 

1. Moisture. — Ignite 5grms. of salt in a covered platinum crucible 
(to prevent projections) ; heat first quite gradually, then for some 
minutes up to a low red heat. 

2. Insoluble, — Dissolve 5grms., filter the insoluble matter, wash, 
dry, and ignite the same. 

3. Chlorine. — Weigh off 5'85grms. of the moist salt, dissolve it, 
and dilute up to 500c. c. ; take out 25c. c. by means of a pipette; 
add so much of a solution of neutral potassium chromate that 
the liquid is distinctly yellow, and titrate Avith decinormal silver 
solution (refer to Appendix). Add the silver solution from a 
50c. c. burette, till the precipitate, even after agitation, shows a 
distinct but faint pink colour. 0*2c.c. is deducted from the number 
of cubic centimetres of silver solution employed as being rec^uired for 
producing the colour. The remainder, multiplied by 2, mdicates 
the percentage of NaCl in the salt. 

4. Lime.—DisBo\ve 5grms. of the salt in water, in case of need 
with the aid of a little HCl. When analysing impure rock-salt 
the treatment with dilute HCl must be continued for some time, in 
order to dissolve all CaS04. It is also necessary to filter off any 
clay, etc., but non-argillaceous salt ought to be dissolved com- 
pletely, excepting any grains of sand and the like. In tiie clear 
solution precipitate the lime with ammonia and ammonium 
oxalate, allow to stand for 12 hours, filter the precipitate through 
dense filter paper in a well-shaped funnel (compare p. 82), wad, 
dry, and ignite it in a platinum crucible till it is completely con- 
verted into CaO. This is done by first gently heating till the 
calcium oxalate is decomposed, and then igniting at nearly a white 
heat for 20 minutes, eitner over a gas blow-pipe or, more conveni- 
ently, in a Hempels gas-stove or over a Muencke patent burner,* 
1 part CaO is equal to 2*4286 CaS04, and is calculated as such, 

* To be obtained from Dr. Muencke, Luisenstrasse 58, Berlin, or from 
the English dealers In chemical apparatus. 
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B.— SALTCAKE. 

(N.B. — Nos. 1 and 2 are snf&cient for daily examinations of the 
produce of works, the others are employed for saltcake bought 
and sold. ) 

1. Free Acid, — Dissolve 20ffnns. saltcake, dilute to 250c. c, take 
out 50c. c. with a pipette, add litmus or methyl-orange, and titrate 
with standard soda up to the point of neutralisation. Each cubic 
centimetre of the standard alkali is equal to 1 per cent. SO^. The 
total acidity js calculated as SO,, including HCl, NaHS04, and the 
salts of iron and alumina which have an acid reaction. ^ If the 
latter are present in appreciable quantities, and if it is desirable to 
exclude them from the result, employ no indicator, but add the 
standard alkali till the first flakes of a permanent precipitate 
appear, which occurs when the free acid and that of the oisulphate 
is just saturated. 

2. Sodium Chloride. — ^Take another 50c. c. of the solution made 
for the test No. 1, add the same quantity of standard alkali as used 
for this test, so that the acid is exactly neutralised* then a 
little neutral potassium chromate, and titrate with decinormal 
silver solution, as in A, 3 (p. 102). Each cubic centimetre of silver 
solution (after deducting 0*2 from the whole) is equal to 0*146 per 
cent. NaCl. Or else employ a solution containing 2'906gnns. 
AgNOs per litre and indicatmg O'OOlgrm. NaCl per cubic centi- 
metre. This would in the present case indicate 0*025 per cent. 
NaCl per cubic centimetre. 

3. Iron. — Dissolve lOgrms. of sulphate in water, reduce the iron 
salts to protoxide by a uttle sulphuric acid, and zinc, and titrate 
witii potassium permanganate. (Details page 100.) 

4. Residue, insoluble in water, is estimated as usual if present. 

5. Lime. — Dissolve 1 Ogrms. in water if necessary with a little HCl i ; 
add NH4CI and NH3, precipitate with ammonium oxalate. 
Ignite, and weigh as CaO (Compare page 102.) If any appreciable 
quantity of Fe^Os has besn found this must be deducted. 

6. Magnesia is precipitated in the filtrate from No. 5 by am- 
monium phosphate; allow to stand for 24 hours ; filter, wash with 
dilute ammonia, diy, ignite and weigh the magnesium pyrophos- 
phate of which 1 part =0-36036 MgO. 

7. Alumina. — The solution of the saltcake is precipitated with 
ammonia (free from CO 9). The precipitate is ignited and weighed. 
Deducting the weight of Fe^Os found in No. 3, the remamder 
= Alj08. 

8. Sodium Sulphate {direct estimation). — Dissolve Igrm. of the 
saltcake ; precipitate any lime along with ferric oxide, etc. , as in 
No. 5 ; filter ; evaporate the filtrate to dryness after adding a few 
drops of pure sulphuric acid; ignite; repeat this after adding a small 
piece of ammonium carbonate, and weigh. Deduct from this 
weight (1) the NaCl found in test No. 2, calculated for NajSO^ 
( 1 *OOOONaCl= 1 •2136Naa SO4, or each cubic centimetre of decinormal 
silver solution employed in test No. 2=0O0177grm. NajSO^); 
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(2) the MgO found in test No. 6, calculated a» MgSO^ (1*000 
M20=3"OOOMgS04). the remainder is eqnal to the sodium 
sulphate actnsuly present in Igrm. saltcake. 



C— CHIMNEY-TESTING. 

Act of Parliament. — By the Alkali Works Regulation Act of 
1881 it is enacted that ** Every alkali work shall be carried on in 
such a manner as to secure the condensation to the satisfaction of 
the chief inspector, derived from his own examination or from that 
of some other inspector, (a) Of the muriatic acid gas evolved in 
such works to the extent of 95 per centum, and to such an extent 
that in each cubic foot of air, smoke, or chimney gases escaping 
from the works into the atmosphere, there is not contained more 
than one-fifth part of a grain of muriatic acid, {h) Of the acid 
gases of sulphur and nitrogen which are evolved in the process of 
manufacturing sulphuric acid or sulphates in the work to such an 
extent that the total acidity of such ^ases in each cubic foot of air, 
smoke, or gases escaping into the chimney or into the atmosphere 
does not exceed what is equivalent to four grains of sulphuric 
anhydride." Part I. (3). ** Sulphurous acid arising from the com- 
bustion of coal is not included." Part III. (29). '* In calculating the 
proportion of acid to a cubic foot of air, smoke, or &;ases, for the 
purposes of this Act, such air, smoke, or gases shall oe calculated 
at the temperature of 60 degrees of Fahrenheit's thermometer, and 
at a barometric pressure of thirty inches. " Part III. (21 ). Methods 
for ascertaining the total acidity of chamber exits will be found 
on page 86. 

Hydrochloric Acid in Chimney, — In order to ascertain the HCl 
in chimney gases, an aspirator is used known as Fletcher's flexible 
aspirator, or the bellows. This aspirator is supposed to draw at 
one aspiration one-tenth of a cubic foot. It is not safe to trust to 
this intended capacity, and moreover the capacity of a new aspirator 
varies for some time. To ascertain the real capacity, fill a very 
large beaker or other cylindrical vessel with water, and invert it 
under water. Completely fill the aspirator with air, and expel this 
air into the inverted beaker. Mark the i>oint to which the beaker 
is filled when the water inside the beaker is level with that outside. 
Measure the capacity of the beaker to that mark, sajr it contains V 
cubic centimetres of water. Then the number of aspirations which 
must be made with this aspirator in order to draw one cubic foot 
of water is 

^^ 28290 

or if the capacity of the beaker is measured in grains, 

^ 436485 

N will usually be a mixed number, but the nearest integral number 
is substituted, and it will be safest to substitute the next higher 
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inte^al number. Thus, if N be found 9 '8, it will be safest to 
consider 10 as the number of aspirations necessarjr to draw one cubic 
foot. The aspirator must be air tight. The gas is withdrawn from 
the chimney tnrough a glass tube, which should be sufficiently long 
to reach a considerable distance into the chimney, say 6ft. The 
glass tube should be of at least Jin. diameter, otherwise the aspira- 
tion is tedious. In flues where the temperature is too high for 
glass, a platinum tube must be employed. The bellows and tube 
are washed with distilled water until the washings give no reaction 
with silver nitrate. 100 to 200 cubic centimetres of distilled water 
free from chloride are then charged into the bellows, and after each 
aspiration the gas is well washed by shaking the contents of the 
aspirator violently. When the number N of aspirations has been 
made, some water is forced into the glass tube, and allowed to flow 
back into the bellows to wash out any acid which may have con- 
densed in the tube. The Hquid is then transferred into a porce- 
lain dish (or into a beaker standing on a porcelain slab). If the 
liquid is so highly charged with soot that it would be impossible to 
reco^ise the change of colour, it must be filtered through a filter 
previously washed free from chlorides. The liquid is then oxidised 
^vith potassium permanganate, and any excess of this reagent 
removed with a trace of ferrous sulphate, neutralised with pure sodium 
carbonate, coloured with potassium chromate, and titrated with 
decinormal silver solution. (See appendix. ) Some use a centinormal 
silver solution. Call the number of cubic centimetres consumed = 
X, then the hydrochloric acid, in grains per cubic foot of gas, will be 

G=0-05633aj grains. 

In order to calculate the percentage escape the velocity of the gas 
in the chimney must be ascertained and reduced to 60° F. No 
notice is usually taken of the barometric pressure, since the measure- 
ment by the bellows is otherwise inaccurate. In addition, the 
diameter of the chimney and the number of tons of salt decomposed 
per 24 hours in the furnaces connected with the chimney must be 
known. 

If G— number of grains of HCl per cubic foot 

If V=velocity at 60' F. in feet per second 

If D= diameter of chimney at testing hole in feet 

If T— tons of salt decomposed per 24 hours, assumed 
to contain 93 per cent. NaCl 

the percentage escape will be 

0-7458 X ^JL 
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D.— HYDROCHLORIC ACID. 

l.-PERCENTAGE OF PURE HCL GRAMMES PER LITRE, AND 
POUNDS PER CUBIC FOOT, AT 60* F. 



Twaddell. 


Percentage 
of HCl. 


Grammes per 
litre. 


1 cubic foot 
weighs lb. 


1 cubic foot 

contains 
lb. of HCl. 


1 


112 


11-32 


62*66 


•70 


2 


2-12 


21-45 


62-97 


1*34 


3 


3-12 


31-67 


63-29 


1-97 


4 


,411 


41-99 


63-60 


2*61 


5 


511 


52-41 


63*91 


3*26 


6 


611 


62-93 


64*22 


3*92 


7 


7-10 


73-55 


64 53 


458 


8 


810 


84-27 


64-84 


5*25 


9 


9*10 


95-09 


65*16 


5*93 


10 


1009 


106-01 


65*47 


6-61 


11 


11-09 


117-02 


65-78 


7-31 


12 


12*09 


128-14 


6609 


8-00 


13 


13-08 


139-36 


66*40 


8-69 


14 


14-08 


150-68 


66*71 


9*40 


15 


15-08 


162-10 


67*03 


10*11 


16 


16-07 


173-62 


67-34 


10-83 


17 


17-07 


185-24 


67*65 


11*55 


18 


1807 


196-96 


67*96 


.12*28 


19 


19-07 


208-78 


68*27 


13*02 


20 


20-06 


220-70 


68-59 


13*76 


21 


21-06 


232-68 


68*90 


14-51 


22 


22-06 


244*80 


69-21 


15-27 


2:^ 


23-05 


257-02 


69-52 


16-04 


24 


24-05 


269-34 


69-83 


16-79 


25 


2505 


281-76 


70-14 


17-57 


26 


26-04 


294-28 


70-46 


18-35 


27 


27-04 


306-90 


70-77 


1914 


28 


28-04 


319-62 


71-08 


19-93 


29 


29*03 


332-44 


71-39 


20-73 


30 


30-03 


345-36 


71-70 


20-^ 


31 


31-03 


358-34 


72-02 


22-35 


3i 


32-02 


371-44 


72-33 


23-16 


33 


33-02 


384-64 


72-64 


23-99 


34 


34-02 


397-94 


72-95 


24-82 


35 


35*01 


411-34 


73-26 


25-65 


36 


36-01 


424-84 


73-57 


26-49 


37 


37-01 


438-44 


73-89 


27-34 


:i8 


38-01 


452-14 


74*20 


28-20 


39 


39-00 


466*00 


74*51 


29-06 


40 


40-00 


479-84 


74*82 


30-00 



Calculated from Kolb's results by interpolation. 
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2.— INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITY OF HYDROCHLORIC ACID. 



0- 


5' 


10' 


15' 


20° 


25° 


30° 


35° 


40° 


45° 


50° 


1-168 


1-165 


1-163 


1-160 


1-157 


1-154 


1-152 


1-149 


1-147 


1-144 


1-142 


1-158 


1-155 


1-153 


1-150 


1-147 


1-145 


1-142 


1139 


1-137 


1*134 


1-132 


1-148 


1-145 


1-143 


1-140 


1-137 


1134 


1-132 


1-129 


1-127 


1*125 


1-123 


1-138 


1-135 


1-133 


1-130 


1-127 


1-125 


1-122 


1119 


1*117 


1-114 


1-112 


1-128 


1-125 


1-123 


1-120 


1-117 


1115 


1-112 


1-110 


1-108 


1-106 


1*103 


1-118 


1-115 


1-113 


1-110 


1-107 


1-105 


i-ia3 


1-101 


1-099 


1-097 


1*094 


1-108 


1-105 


1103 


1-100 


1097 


1-095 


1-092 


1090 


1*088 


1-086 


1-084 


1-098 


1-095 


1-093 


1-090 


1087 


1-085 


1*082 


1-080 


1*077 


1-075 


1-073 


1-088 


1*085 


1-083 


1-080 


1-C77 


1-075 


1-073 


1-070 


1-068 


1-066 


1-064 


1-078 


1-075 


1073 


1-070 


1-068 


1*066 


1-063 


1*061 


1*039 


1-057 


1-055 


1068 


1-065 


1-063 


1*060 


1-058 


1055 


1-053 


1-050 


1-048 


1-046 


1-044 


1-058 


1055 


1-053 


1-050 


1-048 


1-045 


1-043 


1-040 


1-038 


l*aS5 


1033 


1048 


l'(M5 


1043 


1040 


1-037 


1*035 


1032 


1-030 


1-027 


1*025 


1022 


1038 


1-035 


1033 


1-030 


1-027 


1-024 


1-022 


1-019 


1-017 


1014 


1-012 


1-028 


1-025 


1-023 


1020 


1-017 


1-014 


1*012 


1-009 


1-007 


1004 


1-002 


1-018 


1-015 


1-013 


1-010 


1-007 


1-004 


1-002 


0-999 


0-997 


0-994 


0-992 



55° 


60° 


65° 


70° 


75° 


80° 


85° 


90° 


95° 


100° 


1-140 


1-138 


1-136 


1133 


1-131 


1-129 


1-127 


1-125 


1-123 


1-121 


1130 


1-128 


1-126 


1123 


1-121 


1-119 


1-116 


1-114 


1-112 


1110 


1-120 


1-118 


1116 


1-113 


l-lll 


1-108 


1-106 


1-104 


1-102 


1-099 


1-109 


1*107 


1-104 


1-102 


1-100 


1097 


1-095 


1*093 


1-090 


1*088 


1-101 


1*099 


1-096 


1-094 


1-091 


1-080 


1086 


1*084 


1-081 


1079 


1-093 


1000 


1-088 


1-085 


1-083 


1-080 


1-078 


1*075 


1-073 


1070 


1-082 


1*080 


1-078 


1-076 


1-073 


1-071 


1-069 


1*066 


1-064 


1-061 


1-071 


1*069 


1-067 


1-065 


1*063 


1-061 


1-059 


1057 


1055 


1-053 


1-062 


1-060 


1-058 


1-056 


1054 


1*053 


1-051 


1*049 


1*047 


1-045 


1-053 


1-051 


1-049 


1-048 


1-046 


1-044 


1-043 


1-041 


1*039 


1-037 


1-042 


1-040 


1-038 


1-036 


l-a34 


1*033 


1*031 


1-029 


1*027 


1-025 


1-031 


1-029 


1*027 


1025 


1-023 


1*021 


1019 


1-017 


1*115 


1*013 


1-020 


1-018 


1016 


1-014 


1011 


1*009 


1-007 


1005 


1-003 


1-001 


1-010 , 


1*008 


1005 


1-003 


1001 


0*999 


0*997 


0*995 


0*993 


0*991 


1-000 


0-998 


0-995 


0*993 


0-991 


0-989 


0-987 


0*985 


0*983 


0-981 


0*990 


0*988 


0-985 


0*983 


0-981 


0*979 


0*977 


0-975 


0-973 


0-971 



3.— ANALYSIS OF HYDROCHLORIC ACID. 

1. Estimation of HCl. —Measure off, by means of an accurate 
pipette, 10c. c. of the acid, whose specific gravity should be known, 
ailate to 200c .c, take out 10c. c. and add sodium carbonate, free 
from chloride, till the reaction is neutral or faintly alkaline. This 
point will be hit quickly, and witliont the loss of many drops for 
testing, if the percentage of the acid is ascertained from its 
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specific gravity by the table (p. 106) and the corresponding quantity 
of sodium carbonate solution is run in from a burette. Now add a 
little neutral potassium chromate, and titrate with decinormal silver 
solution till a faint pink colour has been produced. (Compare 
p. 102.) Deduct 0'2c.c. from the silver solution employed ; the 
remainder, multiplied by 73 and divided by the specific gravity of 
the acid, indicates its percentage of HCl.* 

2. Estimation of StUphwic Acid, — Neutralise the acid almost, 
but not quite, with sodium carbonate free from sulphate, and 
precipitate the sulphuric a^cid by barium chloride, as in p. 82. 
If the acid be partially saturated with NHg, or not saturated at all, 
the result is too low. Each part of BaSO^ is equal to 0*34335 SO,. 




Fio. 9. 

3. Estimation of Iron.— "Reduce this to protoxide by digesting 
the acid for a short time with a rod of zinc free from iron, wash the 
rod, dilute the whole with water, add some manganous chloride or 
sulphate (in order to counteract the action of HCl on permanganate), 
and titrate with a twentieth normal solution of potassium perman- 
ganate, each cubic centimetre of which indicates 0'0028grm. Fe. 



4.--BLEACHING POWDER AND CHLORATE OF POTASH 

MANUFACTURE. 

A.--NATURAL MANGANESE ORE. 

1. Manganese Dioxide. — ^Weigh l'087ogrm.t of manganese ore, 
ground as fine as possible, and dried for some time at 100*" C. ; put 
it into the flask (Fig. 9), closed by an indiarubber valve ; add 75c.c. 
(in three pipettesful at 25c. c. each) of a solution containing lOOgrras. 
pure crystallised ferrous sulphate and 100c. c pure concentrated 
sulphuric acid, diluted to one litre, and standardised on the same 
day by means of the same 25c. c. pipette, with decinormal potassium 

* This test would fail in the presence of metallic chlorides, which are, 
however, hardly ever present in appreciable quantity in ordinary hydro- 
chloric acid. The free HCl can also be ascertained by estimating the total 
acidity and deducting therefrom that due to sulphuric acid, making 
allowance for any sodium sulphate present. 

t This corresponds to the reed equivalent of MnOs equal to 43*5 (molecular 
weight 87). 
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permanganate. Close the flask by its indianibber cork and yelve, 
and heat till the manganese is completely decomposed, leaving a 
light-coloured residue. On cooling, the valve must act properly, 
which will be seen by the collapsing of the indiarubber tube. After 
complete cooling add 200c. c. of water, and titrate with potassium 
permanganate to a faint pink colouration. Deduct the quantity of 
permanganate now required from that corresponding to the 75c. c. of 
. iron solution, the remainder indicates for each cubic centimetre 
0'02175grm., equal to 2 per cent. MnOg. 

2. Carbon Dioxide is estimated gravimetrically by expelling it 
with dilute sulphuric or nitric acid and absorbing it in soda-lime, 
by means of the apparatus and process described (p. 83). 

3. Estimation of the Hydrochloric Acid required for Decomposing 
the Ore. — Dissolve Igrm. of manganese ore m a flask provided with 
a reflux cooler in 10c. c. of ordinary strong hydrochloric acid whose 
titre is known, employing heat as far as necessary. Allow the 
solution to cool, add standard alkali tUl reddish-brown flakes of 
ferric hydroxide appear, which do not redissolve on agitation. 
Calculate the standard alkali for the strength of acid employed for 
dissolving the ore, and deduct the quantity thus found from the 
10c. c. first employed. 

B.— RECOVERED MANGANESE MUD AND WELDON 

LIQUORS. 

1. Mn02 in Weldon Mvd, — Standardise an acid iron solution 
(lOOgrms. pure crystallised ferrous sulphate 4- 100c. c. pure concen- 
trated sulphuric acid in 1 litre) with seminormal potassium 
permangate (refer to appendix), by diluting the former with 100c. c. 
or 200c. c. of cold water, and adding the permanganate from a glass- 
cock burette, till, on a^tating, the pinK colour is not discharged 
immediately, but remains at least for half a minute. Subsequent 
bleaching is not taken into account. This test should be made once 
each day. Call the cubic centimetres of permanganate employed 
X, Now, put again 25c. c. of the iron solution into a bealcer. 
Take 10c. c. of manganese mud out of the well-shaken bottle (mere 
stirring does not insure a proper mixture) containing it ; wash the 
pipette outside, run its contents into the beaker containing the 
iron solution, and wash the mud remaining inside into the same 
beaker. When all has dissolved, on agitating, add lOOc.c. of water, 
and titrate with potassium permanganate. The number of cubic 
centimetres now used equals y. The quantity of MnOg in 
grammes per litre of mud equals 2 "175 {x—y), 

2. Totod Manganese of the Mud, Expressed in Grammes of Theo- 
retically Possible Mn02 per Litre, — Take 10c. c. of the mud, with the 
same precautions as in test No. 1. Boil with strong hydrochloric 
acid till all chlorine is driven off'; saturate the excess of acid by 
ground marble or precipitated calcium carbonate ; add a concen- 
trated filtered solution of bleaching powder ; boil a few minutes 
till the colour turns a strong pink, and the excess of bleaching 

Sowder can be smelled, and again destroy the pink by adding alcohol 
rop by drop. All manganese is now present as Mn02 ; filter and 
wash this. The filtrate should not produce any brown colour with 
a bleaching-powder solution, which would prove the presence of 
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Ma in solution. Continne the washing till starch and KJ do not 
give a,ny reaction. Throw the filter with the precipitate into 25c. c. 
of the acid iron solution employed in test No. 1. It not all Mn02 is 
dissolved, add another 25c c. of iron solution ; dilute with 100c. c. of 
water, and titrate with permanganate. Calculation as in No. 1 . 

3. Estimation of the Base, i.e., the Monoxides, etc., of the Mvd 
which absorb HCl without yielding Free Chlorine. — Dilute 25c. c, 
or with a very high base 50c. c, of normal oxalic acid (OSgrms. 
crystallised oxalic acid in 1 litre) to 100c .c; heat to 60 — 80° C, add 
10c. c. manganese mud by means of a pipette, with the precautions 
stated in No. 1, and agitate till the colour of the precipitate is a no 
longer a yellowish but pure white, which ought to take place very 
soon at the ubove-named temperature. Dilute to 202c. c. (2c c. 
correspond to the bulk of the precipitate, and are marked on the 
neck of the 200c. c. flask) ; pour throus^h a dry filter, and titrate 
100c c of the filtrate with standard alkali, employing litmus or 
corallin as indicator. (Methyl-orange is not applicable for oxalic 
acid.) Call the number of cubic centimetres of standard alkali z. 
The oxalic acid serves (1) for reducing the Mn02 formation of MnO 
and CO2 ; (2) for saturating the MnO thus formed ; (3) for saturat- 
ing the monoxides originally present, i.e., the bases. The oxalic 
acid not thus employed is equal to 22;. The acid used for reducing 
Mn02 is equal to that used tor neutralising the MnO formed, and 
both amounts together are equal to the number x-y obtained by 
the Mn02 test, since the oxalic acid is normal and the permanganate 
half normal. The amount of oxalic acid consumed b^ the bases of 
the mud is found by deducting from the total acid used that 
required for the Mn02 {x - y), and that which was not neutralised 
at all by the mud — 2z, therefore in all x—y-2z. The **base" is 

equal to the ratio of this expression to the item 1, viz. 5^ 

It is therefore, if 25c c of oxalic add had been employed, equal to 

50-2a;-4g+2y /50-4|\ 
x-y "[x-yj" 

or, if 50c. c had been employed, equal to 



/ 100-4g \ ^ 



C— LIMESTONE. 

1. Insoluble, — Dissolve Igrm. hydrochloric acid, filter the 
residue, wash, dr^, aud ignite. In the presence of appreciable 
quantities of organic substance weigh the filter after drying at 100% 
and ignite afterwards. The difference is taken as organic matter. 

2. Lime, — Dissolve Igrm* 25c. c. normal hydrochloric acid and 
titrate with normal alkati. Deduct the latter from 25 and multiply 
the remainder with 2 '8 to find the percentage of CaO, or with 5 to 
find that of CaCO,. (N.B.— Here MgO is calculated as CaO. This 
is admissible for most limestones employed in alkali and bleaching 
powder making, because the^ contain but little MgO ; otherwise 
thA M<rO or MgCO, found as in No. 3 has to be deducted.) 
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3. Magnesia needs to be estimated only in limestone serving for 
msmganese recovery. Dissolve 2grms. of limestone in HCl, pre- 
cipitate the CaO with NH3 and ammonium oxalate, and precipitate 
the magnesia in the filtrate by sodium phosphate. (Compare p. 103. ) 

4. Iron is usually estimated only in limestone serving for oleach- 
ing powder making. Dissolve 2 grms. HCl, reduce by zinc, dilute, 
add some manganese solution free from iron, and titrate with 
permanganate. (Compare p. 103. ) 



D.— QUICKLIME. 

1. Free CaO. — ^Weigh lOOgrms. of an average sample carefully 
taken, slake it completely, put the milk into a half-litre flask, fill 
up to the mark, shake well, take 100c. c. out, run it into a half -litre 
flask, fill up, mix well, and employ 25c. c. of the contents, equal to 
Igrm. quicKlime, for the test. Titrate with normal oxalic acid and 
litmus or corallin or phenolphthalein as an indicator. The colour is 
changed when all free lime has been saturated and before the 
CaCOs is attacked. 

2. Carbon Dioxide. — Titrate CaO and CaCO, together by dis- 
solving in an excess of standard hydrochloric acid and titrating back 
with standard alkali. By deducting the CaO estimated as in No. 1 
the quantity of CaCOg is obtained. For very accurate estimations 
the CO 3 is expelled by HCl, absorbed in soda-lime and weighed as 
described (p. 83). 



Da.— SLAKED LIME. 

1. Water, — Weigh about Igrm. in a stoppered glass tube, and 
heat it gradually in a platinum crucible, at last to a strong red 
heat (compare p. 102) ; allow to cool in the exsiccator and weigh 
back. The loss of weight is equal to H^O + COj|. 

2. Carbon Dioxide is estimated as above. 

TABLE SHOWING AMOUNT OP LIMB IN MILK OF LIME. 

^Calculated from Blattner.) 



Degrrees 


Grms. CaO 


Lb. CaO per 


Degrees 


Grms. CaO 


Lb. CaO per 


Twaddell. 


per litre. 


cubic foot. 


Twaddell. 


per litre. 


cubic foot. 


2 


11-7 


0-7 


28 . 


177 


Ill 


4 


24-4 


1-5 


30 


190 


1V9 


6 


37*1 


2-3 


32 


203 


12-7 


8 


49-8 


31 


34 


216 


13*5 


10 


62-5 


3*9 


36 


229 


14*3 


12 


75*2 


4-7 


38 


242 


151 


14 


87-9 


5-5 


40 


235 


15-9 


16 


]00 


6-3 


42 


268 


16-7 


18 


113 


71 


44 


281 


17-6 


20 


126 


7-9 


46 


294 


18*4 


22 


138 


8-7 


48 


307 


19-2 


24 


152 


9*5 


fiO 


321 


20-0 


26 


164 


10-3 
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K— BLEACHING POWDER. 

1. Available CAtorwc— Weigh V'lOOgrms. of the sample, pre- 
viously well-mixed ; grind it witn a little water in a porcelain mortar 
(whose lip has heen greased a little at the lower side) till a com- 
pletely homogeneous thin paste has been obtained ; dilute with 
more water, wash the whole into a litre flask, fill up to the mark, 
and take for each test 50c. c. =0'355^rm. bleaching powder, having- 
shaken up the flask immediately oefore. Run into the above, 
with contmuous agitation, an alkaline decinormal arsenite solution, 
containing 4*95grms. As^Os per litre (refer to appendix), till the 
expected point is not very far off. Then place a arop of the mix* 
ture on to a piece of filtering paper, moistened with a starch 
solution containing iodine. If there is very much chlorine left a 
brown spot will be produced, if less chlorine the spot will be 
blue. According to the depth of this colour more or less arsenite 
solution is run in, and the above test is repeated till the paper 
is coloured hardly perceptibly, or not at all. Each cubic centi- 
metre of the arsenite solution indicates 1 per cent, available 
chlorine. (For sampling of bleach refer to appendix.) 

2. Comparison of the Percentage of Bleaching Powder with the 
French (txay'Lussac) Degrees. — The latter are understood to 
mean the number of litres of chlorine gas, at O^C. and 760m. m. 
pressure, which could be given off by 1 kilogramme of bleaching 
powder. 



French 


Per cent. 


French 


1 

Per cent. 


French 


Per cent. 


French 


1 

Per cent. 


Degrees- 


Chlorine. 


Degrees. 
80 


Chlorine. 


Degrees. 


Chlorine. 


Degrees. 


Chlorine. 


63 


2002 


25*42 


97 


30-82 


113 


35-91 


61 


20-34 


81 


25-74 ; 


98 


31-14 


114 


36-22 


65 


20 65 


82 


26-06 


99 


31-46 


115 


36-54 


66 


20-97 


83 


26-37 


100 


31-78 


116 


36-86 


67 


21-29 


84 


26-69 1 


101 


3209 


117 


37-18 


68 


21-61 


85 


27-01 , 


102 


32*41 


118 


37-50 


69 


21-93 


88 


27-33 ! 


103 


32*73 


119 


37-81 


70 


22*24 


87 


27-65 1 


104 


33*05 


120 


38*13 


71 


22*56 


88 


27-96 


105 


33*36 


121 


38*45 


72 


22-88 


89 


28-28 


106 


33-68 


122 


38*77 


73 


23-20 


90 


28-60 


107 


34-00 


123 


39-08 


74 


23-51 


91 


28-92 


108 


34-32 


124 


39-40 


75 


23-83 


92 


29-23 


109 


34-64 


125 


39-72 


76 


24-15 


93 


29-55 


110 


34*95 


126 


40-04 


77 


24-47 


94 


29-87 


111 


35-27 


127 


40-36 


78 


24-79 


95 


30-19 


112 


35-59 


128 


40-67 


79 


25-10 , 

1 


96 


30*21 











F.— DEACON PROCESS. 

Aspirate 5 litres of gas, issuing from the decomposer, placing the 
apparatus as closely to the outlet of the decomposer as possible, 
and absorb the hydrochloric acid and chlorine in a solution of caustic 
soda of IS^'Tw., of which about 250c. c. are distributed into two or 
three absorbing bottles. The time of absorption ought to agree 
with the time occupied bv the charge in the saltcake pan. Unite 
the contents of the several bottles and dilute to 500c. c* 
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1. Take 100c. c. of this solution and add it gradually to 25c. c. of 
an iron solution (prepared and standardised as directed on page 109) 
in a flask represented by Fig. 9 (page 108), and heat to boiling. 
Allow to cool, dilute with 200c. c. of water, and titrate with semi- 
normal permanganate solution. Sav it required y c.c. Suppose 
that when standardising the iron solution 25c.c. of iron solution 
required x c.c. 

2. Take 10c. c. of the solution to be tested, add thereto some 
solution of sulphurous acid, acidify with dilute sulphuric acid. If 
it does not smell of sulphurous acid, add a little more. Heat to 
boiling. When cool, add, if necessary, a few drops of permanganate 
to oxidise any sulphurous acid in excess. Neutralise with pure 
carbonate of soda, dilute with water, and after adding a few drops of 
potassium chromate, titrate with decinormal silver solution, bup- 
pose it consumes z c.c. of silver solution. Then 

50a; — y 

z 

is the percentage of hydrochloric acid decomposed, and 

42-5+^^ 
8 

z 

equals the amount of air present for every volume of hydrochloric 
acid. If any other volume of gas instead of 5 litres be employed, 
the constant 42*5 changes into 

/xl-55 
50x0 00365 

assuming that the other directions are strictly followed, and that 
1 litre of hydrochloric acid weighs 1 *55grm. at 15*" C. and 760mm. 
pressure. 



G.— CHLORATE OF POTASH. 

1. Chlorate Liquors contain calcium chlorate and chloride, but 
these are calculated as potassium salts for the sake of convenience. 

(a) Chlorate is estimated both in order to check the work and to 
calculate the necessary addition of KGl. Measure 2c. c. of li(][uor 
in an exact pipette, run it into the flask (Fig. 9, p. 108), add a little 
hot water and one drop of alcohol, boil (without the valve) till all 
smell of chlorine ana the pink colour have disappeared, allow 
to cool, add 25c. c. of the strongly acid ferrous sulphate solution 
(mentioned p. 109, and requiring a c.c. of seminormal permanga- 
nate), close the flask with its valve, and boil for 10 minutes. 
After cooling, titrate with seminormal permanganate. The number 
of cubic centimetres required to produce a Siint pink =6. The 
liquor then contains calcium chlorate equivalent to 5*105 {a-h) 
grms. KClOs per litre, and it will theoretically require an amount 
of 3*105 {a—o) grms. of pure KCl per litre. 

{b) Chloride is estimated in order to check the work, and there- 
fore calculated as KCl, although present as CaCl2. Treat Ice. of 
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liquor as above, to destroy the free chlorine and pink colour, allow 
to cool, add a little nentral potassium chromate, and titrate with 
decinormal silver nitrate (as described p. 107). Each cubic centimetre 
of the latter indicates chloride equivalent to 7'45grms. KCl per 
litre. 

2. Commercial Chlorate of Potash is only tested for any chlorides 
calculated as KCl. As their quantity is very slight, it is advisable 
to dissolve 50^mis. of the salt m water absolutely free from chlorine, 
and to test with decinormal silver nitrate, as in the last number. 
Each cubic centimetre of this=0*00745grm. KCl =0*015 per cent. 
KCl. 



5.--S0DA-ASH MANUFACTURE. 

A.— RAW MATERIALS. 

1. Saltcakk.— (Refertop. 102.) 

2. Limestone or Chalk, for mixing, 
(a) Insolvhle, — (Refer to p. 110.) 

(6) Lims ( + MgO).— (p. 110.) 

(c) Magnesia (only in limestones containing much of it). — (p. 111.) 

3. Mixing Coal (slack). 
{a) Moisture, — (p. 73.) 

(6) Fixed Carbon,— {i^, 73.) 

(c) Ashes (p. 73.) — In the case of unknown descriptions of coal 
it is not sufficient to estimate the total percentage of ashes, but 
the latter should be analysed, and silica, alumina, and ferric oxide 
estimated according to the rules of the analysis of silicates. 

{d) Sulphur, — Mix 0'5g[rm. to Igrai. of finely-ground coal with 
H times the weight of an intimate mixture of 2 parts well-calcined 
magnesia and 1 part anhydrous sodium carbonate. This is done 
b^ means of a glass rod in a platinum crucible, which is heated 
without cover, and in a slanting position, so that onlv its lower 
half attains red heat, preferably in the perforated asoestos slab 
(p. 73). The combustion should be assisted by frequent stirring 
with a platinum wire, and should last hardly^ longer tnan an hour, 
the gray colour of the mixture passing over mto yellow, reddish, or 
brown. Pour hot water over tne mass, add bromine-water till the 
Uquid is faintly yellow ; boil, decant through a filter, and wash 
with hot water. Acidulate the filtrate with HCl, boil till all 
bromine is removed and the liquor has been decolourised, and 
precipitate with barium chloride (as described p. 81). If the 
magnesia or sodium carbonate employed contains sulphates, these 
must be estimated and taken into account. If the gas for burning 
contains much sulphur it iis best, to employ a spirit lamp ; but the 
perforated asbestos slab, as recommended above, will nearly always 
suffice for keeping away the products of combustion of the gas from 
the contents of the crucible. 
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(e) Nitrogen is estimated by igniting with soda-lime and receiving 
the ammonia formed in standard sulphuric acid, according to the 
rules of organic elementary analysis. 

B.—BLACK-ASH. 

Digest 50grms. of the coarsely-ground average sample with 480c. c. 
of water at45''C., which will produce 500c. c. of liquid. After 
three hours' standing the clear liquor is employed for the following 
tests : — 

1. 10c. c. (=rlgrm. black-ash) is titrated cold with hydrochloric 
acid and methyl-orange. This indicates the total available alkali, 
*.e., Na2C03, NaOH, and Na2S. By deducting the quantities found 
in tests Nos. 2 and 3 the quantity of sodium carbonate is found, 
viz., O'OoSgrm. for each cubic centimetre of standard HCl. It is, 
however, expressed, like all other sodium compounds, in terms of 
NagO, by multiplying each cubic centimetre of standard acid with 
0031. 

2. Caustic Soda \& ^BiimdA^hY adding to 20c. c. of liquor, con- 
tained in a 100c. c. flask, an excess of barium chloride (lOcc. of a 
10 per cent, solution of BaCls, 2H2O will always more than suffice 
for this), adding boiling water up to the marK, shaking up, and 
corking the flask. After a few minutes the precipitate is settled. 
Pour off the clear portion through a dry filter, and titrate 50c. c. of 
the filtrate with standard hydrochloric acid. When employing 
methyl -orange as indicator' the liquid must be cooled first. 
According to CI. Winkler, the separation of^ the barium carbonate 
is unnecessary when oxalic acid is employed as the standard acidt 
In this case litmus or phenol-phthalein must be employed as indi- 
cator. Each cubic centimetre of the standard acid indicates 
0"040grm. of NaOH in Igrm. of black-ash =0 '031 Na-iO, but sodium 
sulphide is here included as well. 

3. Sodium Sulphide, — Dilute 10c. c. of liquor to about 200c. c, 
acidulate with acetic acid, and titrate quickly with iodine solution, 
employing starch as an indicator. When employing a decinormal 
iodine solution (12*7grms. J per litre), each cubic centimetre indi- 
cates 0-0039 NaaS (=0*0031 NaaO). A solution containing 3-256grms. 
J per litre would indicate O'OOlgrm. NagS per cubic centimetre. In 
the former case the number of cubic centimetres of decinormal 
solution divided by 10 can be deducted at once from the acid 
employed in test No. 1, whereby the sulphide is eliminated from 
the alkali test. Other sulphur compounds (except sulphate) need 
not be taken account of in fresh black-ash. 

4. Sodium Chloride, — Neutralise lOcc. of the liquor as accurately 
as possible with nitric acid, preferably by adding exactly as many 
cubic centimetres of standard nitric acid (63grms.N03 per litre) as 
had been employed in test No. 1. Boil till all H^S has been 
expelled, filter from any sulphur precipitated, add a little neutral 
potassium chromate, and titrate -with silver solution (as described 
pa^e 102.) Each cubic centimetre of decinormal silver solution 
indicates 0'00585grm. NaCl. A solution containing 2*906grm6. 
AgNOg per litre shows OOOlgrm. NaCl per cubic centimetre. 

12 



116 

5. Sodium Sulphate. — Acidulate 10c. c. with a very slight excess 
of HCl, boil, add barium chloride, filter, wash, and ignite the pre- 
cipitated BaS04. Since the quantity is very small, it pan be 
washed with hot water on the filter itself, which is then placed in 
the moist state in a platinum crucible and ignited. Each part of 
BaSO* =0-6094Na2SO4. 

6. Prepare an average sample of all batches by pouring a certain 
quantity of the liquor belonging to each batch into a common vessel ; 
carbonate this by passing COg through its filter, evaporate the 
filtrate to dryness, and estimate in the residue Nag CO 3, Na^SO^, 
and NaCl. 



C— TANK WASTE (VAT WASTE.) 

Take a large, really representative average sample, which should 
be kept protected from air, and of which 50gnns. snould be weighed 
out quickly and in the moist state. Drying in contact with air 
wouhi considerably change its composition. Moist tank waste may 
be assumed, without any great error, to contain 40 per cent, of 
water. Digest the above 50grms. waste with 490c. c. water 
of 40* C, wnich will yield 500c. c. of liquid. Take out, for each 
test, 50c. c. =5grms. of moist or 3grms. of dry waste. 

1. Alkalinity. — Evaporate 50c. c. of liquor (adding so much am- 
monium carbonate that it can be smelled*) to dryness, heat till all 
ammonia salts are driven ofi', add water, filter, and titrate the clear 
Uquid with decinormal hydrochloric acid of which each cubic centi- 
metre indicates 0*0031grm. NajO, or in this case 0*062 per cent, of 
the moist waste. 

2. Total Soda {inclusive of Insoluble Sodium Salts). — Heat 
17'7grms. I' tank waste in a porcelain or iron dish with sulphuric acid 
of specific gravity 1*5, till all has been decomposed and converted 
into a stiif paste, evaporate to dryness, heat till all free sulphuric 
acid has been driven oil', add hot water, scrape out the mass, and 
put it into a 250c. c. cylinder. Neutralise any free acid left, and 
precipitate any magnesia present by adding some pure milk of 
lime (obtained from ordinaiy slacked lime by pouring off the first 
water, which may contain some alkali), fill up to the mark, allow 
to settle, take out 50c. c. of the clear liquor, add 10c. c. of saturated 
baryta water, pour the mixture through a dry filter, take 50c. c. of 
the filtrate, precipitate all baryta by passing throuo;h the liquid 
CO 2 and boiling, filter, and titrate the filtrate witn decinormal 
hydrochloric acid. Each cubic centimetre of this will indicate 0*1 
per cent, of Na^O in the waste, taking into account its bulk. 

3. Total and Oxidisable Sulphur. — Boil 2grms. of the waste with 
hydrochloric acid, filter, wasli with dilute HCl, neutralise the 

* Refer to the Journal of the Society of Chemical Induatryy 1882 (page 
92), as to the necessity of this addition. 

t This amount is correct, not 18'6grm8., as a calculation would seem to 
show, because an allowance must be made for the bulk of the insoluble 
residue in the measuring vessels. 
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titrate almost completely by adding sodium carbonate, precipitate 
with barium chloride, filter, wash, and ignite the barium sulphate. 
From this is calculated the sulphur present as sulphate (a). Another 
sample of 2grms. waste is oxidised by a strong bleaching powder 
solution and hydrochloric acid. When a strong smell of chlorine is 
felt, all S is oxidised to sulphuric acid. Filter and estimate the 
8O4H3 in the filtrate. This indicates the total sulphur (6). The 
•difference b-a is the oxidisable sulphur, %,€., the theoretically 
recoverable maximum of sulphur in the waste. 



D.— TANK LIQUOR (VAT LIQUOR). 

Is tested while hot, or else it is kept at about 40° C, to prevent 
crystallisation. Take out small samples (2 to 5c. c.) with an 
accurate pipette. This greatly furthers the work. 

1. Sodium Carbonate. — Titrate 2c. c. with standard hydrochloric 
^cid. When emploving methyl-orange as indicator, first add some 

cold water. From tne cubic centimetres found deduct those found 
in test No. 2 and one-tenth of that in test No. 3. 

2. Sodium Hydrate (estimated as on page 115). 

3. Sodium Sulphide is estimated by decinormal iodine solu- 
tion (as on page 115). The error caused by other sulphur com- 
pounds is hardly appreciable, and for practical purposes of no 
•consequence. In any case this test must be made in order to rectify 

test No. 1. 

4. Sodium Sulphate (as on page 116). 

5. Total Sulphur. — Oxidise the liquor with bleaching jwwder 
and hydrochloric acid (as described C3, page 116), and precipitate 
by barium chloride. 

6. Sodium Chloride (as page 115). 

7. Sodium Ferrocyanide, — Acidulate 20c. c. of liquor (or more) 
with HCI, and ada strong bleaching-powder solution from a 
burette, constantly agitating. From time to time mix a drop 
-of the mixture on a white slab with a drop of dilute feme 
chloride solution, free from ferrous chloride. When no more 
Prussian blue is formed, but the mixture of both drops turns 
brown, all is oxidised, hence also all ferrocyanide is turned into 
ferricyanide. A drop of bleach solution in excess does no harm, but 
if too much excess has been used, or if too much liquor has 
been lost by takin|^ out test drops, a fresh sample is taken out, which 

^can this time be oxidised by running the requisite quantity of bleach 
liquor from the burette without losing much by making the drop- 
tests. This process gives quicker ana more accurate results than 
addiuj^ an excess of bleach and driving out the chlorine by heating, 
iu which case some ferricyanide may to decomposed. The oxidised 
liquor is titrated with decinormal copper solution, containing 
.o*175gnns. Cu or 12'475grms. crystallised cupric sulphate per litre, 
which precipitates yellow CuaFoaCyia. From time to time test a 
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drop of the liquid by brinpng it together on a porcelain slab with a 
drop of a dilute ferrons sulphate solution. So long as a blue colour 
is produced bv the action of FeSO* on NaeFosCyn more copper 
soiiition is added, till the test on the slab turns no more blue or 
sray, but reddish. Now no more NaeFe,Cyi3 is present, and the 
FeSO^ on the'slab now reduces the yellow copper ferricyanide to 
red ferrocyanide. The first sensible reddening must be taken as 
the final reaction, although it vanishes after a short time. According- 
to theory each cubic centimetre of the copper solution ought to 
indicate O'OlOlSgrm. Na4FeCye ; but recent experiments {Chemische 
Industrie 1882, p. 79) have'shown this not to he the case. Too little 
copper solution is employed, and each cubic centimetre of this must 
therefore be put equal to 0'0123grm. Na^FeCye, or, still better, the 
copper solution must be standardised by pure potassium ferrocyanide. 

8. Silica, Alumina, and Ferric oxide {Pamell). — Supersaturate 
100c. c. of liquor with HCl, boil, add a large quantity of ammonium 
chloride ana ammonia in excess, and boil till all smell of NH, has 
ceased. The precipitate settles ea.sily, and can be well washed. 
On washing with hot water it turns intensely blue (by the formation 
of Prussian blue ?) ; on igniting it leaves SiOa, AlaO,, and FeaO^. 

9. A large sample of the liquor is carbonated by passing CO^ 
through it, it is then filtered, evaporated to dryness, and the residue 
tested for available alkali, NagSO^ and NaCl. 



E.— CARBONATED LIQUORS 

Are tested in all respects like D. Bicarbonate is estimated by the 
following method, wnich is also applicable to testing the bicarbonate 
of commerce. Put 20c. c. of liquor (or more if necessary) into a 
100c .c. flask, add 10c. c. of seminormal ammonia (8*5grms. NH^ 
per litre, absolutely free from CO,) and an excess of beuium chloride ;: 
fill up to the mark with cold water, cork the flask well, allow to 
settle, pour through a dry filter, take 50c. c. of the filtrate, and 
titrate with standard hydrochloric acid, of which x c.c. is used. 
The formula 11 (10 — x) then indicates the milligrammes of CO,, 
present in the liquor as bicarbonate. If the ammonia is not exactly 
seminormal, the figure 11 must be replaced by another corresponding 
to the milligrammes of CO, per cubic centimetre of the ammonia ; 
and lOmustbe replaced by thenumberof cubic centimetres of ammonia 
required for neutralising 5c. c of normal HCl. In order tocompare tlie 
CO 9 present as bicarbonate with the total CO,, a fresh sample of 
the hquor is titrated with normal hydrochloric acid and methyl- 
orange at the ordinary temperature. The number of cubic centimetres 
used, multiplied by 22, indicates the milligrammes of CO 3 present as 
monocarbonate. The latter item added to the former yields the 
total CO,. 
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F.— TABLES. 

1.— SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM 
CARBONATE. AT 60° F=15°C.* 



Twad- 


Percentage by weight. 


• 

1 cnbic foot of solution contains 


dell. 


Na,0 


NajCOs 


Na,0 


Na^COa 


48 % a8h.t 


1 


0-28 


0-47 


0-172 


0*294 


0*358 


2 


0-56 


0-95 


0*350 


0*598 


0*728 


3 


0-84 


1*42 


0-525 


0-898 


1*094 


4 


111 


1-90 


0-707 


1*209 


1*473 


& 


1-39 


2-38 


0*889 


1*521 


1-853 


6 


1*67 


2-85 


1*070 


1*830 


2*230 


7 


1-95 


3-33 


1*257 


2-149 


2*618 


8 


2-22 


3-80 


1*441 


2*464 


3*002 


9 


2-50 


4-28 


1*631 


2*788 


3-397 


10 


2-78 


4-76 


1*862 


3*116 


3*797 


U 


306 


6-23 


2*012 


3*440 


4-192 


12 


3-34 


5-71 


2*206 


3*772 


4*596 


13 


3-61 


6-17 


2*396 


4*007 


4*992 


U 


3-88 


6-64 


2*591 


4*430 


6*397 


15 


416 


7-10 


2*783 


4*759 


5*799 


16 


4*42 


7-67 


2*981 


6-oSb 


6*211 


17 


4-70 


804 


3*181 


5*439 


6*627 


18 


4-97 


8-51 


3*382 


5*783 


7*046 


19 


5-24 


8-97 


3*582 


6*125 


7*462 


20 


5-52 


9-43 


3-783 


6*468 


7*880 


21 


5-79 


9*90 


3*989 


6-821 


8*311 


22 


6-06 


10-37 
10*8? 


4*197 


7*177 


8*745 


23 


6-33 


4*403 


1 7*529 


9*174 


24 


6-61 


11-30 


4-615 


7*891 


9-613 


25 


6-88 


11-76 


4*825 


8*249 


10-050 


26 


715 


12-23 


5*040 


8-617 


10*500 


27 


7-42 


12-70 


6*256 


8-988 


10*951 


28 


7*70 


13-16 


6*465 


9-351 


11-396 


29 


7-97 


13*63 


5*691 


9*731 


11*857 


30 


8*24 


14*09 


5-908 


10*103 


12*310 



* Observation.— Special~e;n)eriment8 have shown that the tables 1 and 2 
indicate with sufficient accuracy, not merely the percentage of solutions 
of pure sodium carbonate, but also that of .the dry residue in ordinary 
tank liquors. 

t Equivalenc to 31. 
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F.- 


-TABLES. 






2A.-SPECIFIC GRAVITIES OF CONCENTRATED SOLUTIONS 
OF SODIUM CARBONATE. AT 86°F. (30°C.) 


Twad- 


Percentage by weight. Lb. per cubic foot. 


dell. 


Na,0 


Na^COs 


Na^O 


NasCO., 


48% ash. 


28 


7-97 


13*62 


5*662 


9*681 


11*80 


29 


8-21 


14-04 


5-86 


10*02 


12*12 


30 


8*46 


14*47 


606 


10*37 


12*64 


31 


8-71 


14*89 


6-27 


10-72 


13 06 


32 


8-96 


15*32 


6-48 


11*08 


13*50 


33 


9-21 


15*74 


6-69 


11*43 


13*93 


34 


9*46 


16*18 


6-91 


11-81 


14*39 


35 


9-71 


16*60 


7-11 


1216 


14-82 


36 


9-96 


1704 


7-33 


12*53 


15*27 


37 


10-21 


17-46 


7-54 


12-90 


15-72 


38 


10*46 


17-89 


7-76 


13*27 


16*17 


39 


10-71 


18*32 


7-98 


13*65 


16*63 


40 


10-97 


18*75 


8-21 


14*03 


17*10 


41 


11-22 


19*18 


8-42 


14*40 


17*55 


42 


11-47 


19-61 


8-65 


14*79 


1803 


43 


11-72 


20*04 


8-88 


15*18 


18*50 


44 


11-97 


' 20*47 


911 


15*57 


18*97 


45 


12-23 


20*90 


9-34 


15-96 


19*45 


46 


12-48 


21-33 


9-56 


16-35 


19-92 


47 


12-73 


21*77 


9*80 


16*76 


20-42 


48 


12-98 


22*20 


10*03 


17*16 


20-91 


49 


13-24 


22*63 


10*27 


17*57 


21.41 


50 


13-49 


23-07 


10*52 


17*98 


21-91 


51 


13-74 


23*50 


10*76 


18*39 


22*41 


52 


14-00 


23*93 


11*00 


18*80 


22*91 


53 


14-24 


24*35 


11-25 


19-20 


23*40 


54 


14-49 


24*77 


11-47 


19*61 


23-90 


55 


14-73 


25*19 


11*72 


20*03 


24*41 


56 


14-98 


25*61 


11*95 


26*44 


24*91 


57 


15-22 


26-03 


12*20 


20*86 


25*42 


58 


15-47 


26*45 


12*45 


21*28 


25*93 


59 


15-72 


26-87 


12*69 


21*69 


26-43 


60 


15-96 


27*29 


12*94 


22*12 


26*95 


61 


16*20 


27*71 


13*18 


22*54 


27*47 


62 


16-45 


28*13 


13*44 


22*97 


27*99 
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2B.-PERCENTAGE OF CONCENTRATED SOLUTIONS OF SODIUM 
CARBONATE. MEASURED AT 30"C.=86°F.* 



Specific 

Gravity 

at 30°. 


Degrees 
Twaddell. 


1001b. c 
Na^CO., 


ontain lb. 
NaaCOa.lOaq. 


1 Litre con 
Na^CO., 


tains Gruis. 

NajCOs, 
lOaq. 


1*310 


62 


28-13 


75-91 


368-5 


994*5 


1-300 


60 


27-30 


73*67 


354*9 


957-4 


1-290 


58 


26*46 


71-40 


341-3 


921-0 


1-280 


56 


25*62 


69*11 


327-9 


884-7 


l-270: 


54 


24-78 


66*86 


314*7 


849-2 


1-260 


52 


23*93 


64*59 


301-5 


813*2 


1-250 


50 


23*08 


6215 


288-5 


778*5 


1-240 


48 


22*21 


59*94 


275-4 


7430 


1-230 


46 


21-33 


57*55 


262-3 


707*8 


1-220 


44 


20*47 


55*29 


249*7 


673*8 


1-210 


42 


19-61 


52*91 


237-3 


640*3 


1-200 


40 


18*76 


50*62 


2251 


607*4 


1-190 


38 


17-90 


48*31 


214-0 


577*5 


1-180 


36 


17*04 


45*97 


201-1 


542-6 


1-170 


34 


16-18 


43*38 


189-3 


510*9 


1-160 


32 


15-32 


41*34 


177-7 


479-5 


1-150 


30 


14-47 


39*04 


164*4 


4490 


1-140 


28 


13-62 


36*75 


155*3 


4190 



* This temperature has been exceptionally selected for tables 2a and 2b, 
because the more concentrated liquors cannot exist as such at 15''C. 
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3^INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITIES OF SOLUTIONS OF SODIUM CARBONATE. 



0*C. 


5' 


10' 


15' 


20' 


25' 


30- 


35' 


40' 


45' 


60' 


— 


— 


— 


— 




— 


1*285 
1*274 
1*263 
1*252 
1*241 


1*282 
1*271 
1-260 
1-250 
1-239 


1-279 
1*267 
1*257 
1*247 
1-236 


1*276 
1*265 
1*264 
1*244 
1*233 


1*273 
1*262 
1*251 
1-240 
1-230 


— 


... 


_— 


1*210 


1-238 


1*236 


1*234 


1-232 


1-230 


1*227 


1-224 


— 


— 


— 


1*230 


1*228 


1*225 


1*223 


1-221 


1-219 


1*216 


1-213 


— 


— 


— 


1*220 


1*218 


1*215 


1-213 


1-210 


1-208 


1*206 


1-201 


— 


— 


— 


1*210 


1*208 


1*206 


1*204 


1-201 


1-199 


1*196 


1*192 


— 


— 


— 


1*200 


1*196 


1*196 


1-194 


1-192 


1-189 


1*186 


1*183 


1-198 


1*195 


1*193 


1*190 


1*188 


1*186 


1-184 


1*182 


1-179 


1*176 


1*173 


1-188 


1*185 


1*183 


1*180 


1-178 


1*176 


1*174 


1*172 


1-169 


1*166 


1*163 


1-177 


1*174 


1*172 


1170 


1*168 


1*166 


1*164 


1*162 


1-160 


1*167 


1*164 


1-166 


1*164 


1*162 


1*160 


1158 


1*156 


1*154 


1*152 


1-150 


1*148 


1*145 


1156 


1154 


1-152 


1*150 


1-148 


1*146 


1*144 


1*142 


1*139 


1*136 


1*134 


1*146 


1*144 


1*142 


1*140 


1-138 


1*136 


1*134 


1*132 


1*129 


1*126 


1*123 


1136 


1*134 


1*132 


1*130 


1-128 


1*126 


1*124 


1*122 


1*120 


1*117 


1*114 


1126 


1*124 


1*122 


1*120 


1-118 


1*116 


1*114 


1*112 


1*110 


1*107 


1104 


1-116 


1*114 


1*112 


1*110 


1-108 


1-106 


1*104 


1*102 


1*100 


1*098 


1*095 


1*106 


IIM 


1*102 


1*100 


1*098 


1-096 


1*094 


1-092 


1*090 


1*088 


1*066 


1*096 


1*094 


1092 


1*090 


1-088 


1*086 


1*084 


1-082 


1*080 


1*078 


1*075 


1-066 


1084 


1*082 


1*080 


1-078 


1-076 


1074 


1*072 


1*070 


1-068 


1-065 


1-075 


1073 


1*071 


1-070 


1-069 


1-067 


1*065 


1*063 


1061 


1*059 


1-066 


1*064 


1*063 


1-061 


1*060 


1-059 


1*057 


1056 


1*054 


1062 


1*050 


1-047 


1-053 


1-062 


1-051 


1*050 


1-049 


1*048 


1*046 


1*044 


1*042 


1-010 


1-037 


1043 


1*042 


1-041 


1-040 


1-039 


1*038 


1*036 


1*034 


1*032 


1*090 


1-027 


1*033 


1-032 


1*031 


1-030 


1*029 


1*028 


1*026 


1-024 


1*022 


1*020 


1-017 


1*023 


1*022 


1*021 


1-020 


1*019 


1*018 


1*016 


1*014 


1*012 


1*010 


1-007 


1-013 


1*012 


1*011 


1-010 


1-009 


1*008 


1*006 


1-004 


1-002 


1-000 


0-997 
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3.-INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITIES OF SOLUTIONS OF SODIUM CARBONATE. 



55" 



60* 



1-270 
1*259 
1*248 
1*237 
1*226 

1*220 
1*209 
1*198 
1*180 
1*179 

1*169 
1*160 
1*151 
1142 
1*131 

1-120 
1*111 
1-101 
1-092 
1-082 

1-072 
1-062 
1-053 
1044 
1-034 

1-024 
1-014 
1*004 
0-994 



1*267 
•1*256 
1*245 
1*234 
1-223 

1-217 
1-206 
1*194 
1*185 
1-176 

1*166 
1*156 
1*147 
1-139 
1-128 

1-118 
1-108 
1098 
1-089 
1-079 

1-070 
1-060 
1-051 
1-041 
1-032 

1-022 
1-012 
1-002 
0-992 



65' 



70° 



1-264 
1-253 
1-241 
1-230 
1-220 

1-213 
1-202 
1-191 
1-182 
1-172 

1-163 
1-153 
1-144 
1-136 
1-125 

1-115 
1-105 
1-095 
1-086 
1-076 

1-067 
1-057 
1-048 
1-038 
1-029 

1019 
1*009 
0-999 
0-980 



1-260 
1-249 
1*237 
1-227 
1-216 

1-210 
1-199 
1-188 
1-178 
1168 

1-159 
1-150 
1-141 
1-133 
1-122 

1-112 
1-102 
1-092 
1-063 
1-073 

1-064 
1*054 
1-045 
1-036 
1-027 

1-017 
1-007 
0-997 
0^7 



75- 



1-256 
1-244 
1-233 
1-224 
1-213 

1-206 
1195 
1-m 
1-175 
1-165 

1-156 
1-147 
1-138 
1130 
1-119 

1-100 
1-099 
1089 
1-080 
1070 

1-061 
1-052 
1-043 
1-032 
1-024 

1-015 
1-005 
0-995 
0-985 



80' 



1-252 
1-240 
1-229 
1-220 
1-210 

1-203 
1*192 
1-181 
1172 
1-162 

1*153 
1*144 
1-135 
1126 
1*116 

1-106 
1-096 
1-086 
1-077 
1-067 

1-058 
1-049 
1-040 
1-030 
1-021 

1-012 
1-002 
0-992 
0-982 



85' 



1-247 
1-236 
1-226 
1-217 
1-207 

1-199 
1-188 
1-178 
1-168 
1-158 

1-149 
1-140 
1-131 
1-123 
1-113 

1-103 
1-093 
1-083 
1-074 
1*064 

1-055 
1-046 
1-037 
1-028 
1-019 

1-010 
1-000 
0-990 
0-980 



90' 



1-243 
1-232 
1-222 
1-213 
1-204 

1-195 
1-184 
1-174 
1-165 
1-155 

1-146 
1-137 
1-128 
1-120 
1-110 

1-100 
1*090 
1-080 
1*071 
1-061 

1-052 
1-043 
1-034 
1-025 
1-0J6 

1007 
0-997 
0-987 
0-977 



95' 



1-238 
1-228 
1-218 
1-210 
1-200 

1-191 
1-181 
1-171 
1-162 
1-152 

1-143 
1-134 
1-125 
1-117 
1-107 

1-097 
1-087 
1-077 
1-068 
1-058 

1-049 
1-040 
1-032 
1-023 
1-014 i 

1*005 
0*995 
0-985 
0-975 



100° 



1-2^ 
1-224 
1-215 
1-206 
1-197 

1-188 
1-178 
1-168 
1-159 
1149 

1-140 
1-131 
1122 
1-114 
1-104 

1-094 
1-084 
1-074 
1-065 
1055 

1-046 
1-038 
1-029 
1-02D 
1-011 

1-003 
0-993 
0-983 
0-973 



124 

G.— ANALYSIS OF COMMERCIAL SODA-ASH. 

When merely the available alkali (alkalimetrical degree) has to 
be ascertained, it is convenient to weigh out 15'5grms., to dissolve 
in a 500c. c. flask, and to take for each test 50c. c. (in Germany, with- 
out filtering; in England, sometimes with, sometimes without).^ In 
this case each cubic centimetre of standard acid indicates just 
2 per cent of available alkali (NaaO). The standard acid is normal 
hydrochloric acid, cont€dning36*5grms. HCl per litre, and standard- 
ised both with pure sodium carbonate and with silver nitrate. 
(Refer to appendix.) The indicator is either litmus (in which case 
the liquor nas to be boiled for some time) or more conveniently 
methyl-orange (which is used with cold liquors). 

For a complete analysis of commercial soda-ash 50grms. are dis- 
solved in warm water. 

1. T/ie Insoluble Residue is filtered and washed, the filtrate and 
washing are diluted up to 1 litre, and the following tests are made 
with this liquor. 

2. Sodium Carbonate is found by titrating 20c c. (equal to Igrm.) 
of soda ash with normal HCl, deducting the amount of No. 3. That 
of No. 4 is always too small to take notice of in this case. 

'^ 3. Sodium Hydrate is estimated by barium chloride, according 
to pa^e 115. 

4. Sodium Sulphide. — 100c. c. (equal to 5grms. )of ash are titratedwith 
ammoniacal silver nitrate (referto appeniux), containing 13'345grms. 
AgNOa P^r litre, and indicating O'OOSgrm. Na^S per cubic centi- 
metre. Heat the soda liquor to boiling, add ammonia, and run in the 
silver solution from a burette, divided in y^fCC, till no further 
black precipitate of Ag^S is produced. In order to observe this 
more accurately the li<]^uid is filtered towards the end of the opera- 
tion and the titration is continued if necessary. This filtration is 
several times repeated. Each cubic centimetre of silver solution 
indicates 0*1 per cent, of Na,S in the alkali. 

5. Sodium Sulphite — Acidulate 100c. c. (equal to 5grms.) soda ash 
with acetic acid, add starch solution, and titrate with iodine till a blue 
colour appears. A decinormal iodine solution shows 0'0063grm. 
NajSOs per cubic centimetre (in this case 0*126 per cent). The 
solutions mentioned on page 115 of 3'256grms. iodine per litre show 
0*001615grm. NaaCO, (in this case 0*0323 per cent.). From this 
should 1^ deducted the amount corrcspon(ung to test No. 4; Ice. 
of the silver solution can be put equal to 1 '3c. c of the decinormal or 
equal to 5'Oc.c. of the weaker iooine solution. 

6. Sodium Sulphate. — ^Acidulate 20c. c of the liquor (equal to 
Igrm. soda-ash) with hydrochloric acid, precipitate with barium 
chloride, as on page 116, and weigh the BaS04, ^^ which 1*000 part 
is equal to 0*6094 part NaaS04. 

7. Sodium Chloride, — Neutralise 20c. c. (equal to Igrm. soda-ash) 
exactly with nitric acid, preferably by adding exactly as many 
cubic centimetres normal nitric acid from a burette as had been 
used in test No. 1; then add neutral potassium chromate and titrate 
with decinormal silver nitrate as described on page 115. Each 
cubic centimetre of this shows 0'00585grm. NaCl. 

Q r..x»*, ^Neutralise 100c c (equal to 5grms. soda-ash) with sul- 
'ee from iron, reduce by zinc free from iron (page 100), 
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and titrate with l-20th normal potassium permanganate, of which 
each cubic centimetre shows 0'0028grm. Fe, or in this case 0*056 
per cent. Fe. 

9. — Table for CompariiigFrenchf German, and English Commercial 
Alkalimetrical Degrees.-^The French or Descroizilles degrees mean 
the quantity of real sulphuric acid, S04Ha, neutralised by 100 parts 
of soda-ash. The German degrees express the available alkali in terms 
of sodium carbonate, Na, CO , . In England some works invoice in real 
per cent, of soda, Na^O, as found in the first column of the following 
tables. The Newcastle test is based on the equivalent 32 for Na.^ 0, or 
59 '25 degrees for pure Na a CO 3 and invoices fractions of degrees. 

FRENCH, GERMAN, AND ENGLISH COMMERCIAL ALKALI- 
METRICAL DEGREES. 



Real 


German 


New- 


French 
degrees. 


Real 


German 


New- 


French 
degrees. 


Soda 
NajO 


degrees 
NajCOa 


castle 
degrees. 


Soda 
Na^O 


degrees 
NaaCO, 


castle 
degrees. 


0-5 


0-85 


0-51 


079 


18 


30-78 


18-23 


28-45 


1 


1-71 


1-01 


1-58 


18*5 


31-63 


18-74 


29-24 


1-5 


2d6 


1-52 


2-37 


19 


32-49 


19-25 


30 03 


2 


3-42 


2-03 


3-16 


19-5 


33-34 


19*76 


30-82 


2-5 


4-27 


2-54 


3-95 


20 


34-20 


20*26 


31*61 


3 


513 


3-04 


4*74 


20-5 


35-05 


20*77 


32*40 


3-5 


5-98 


3-55 


5-53 


21 


35-91 


21-27 


33*19 


4 


6*84 


4-05 


6-32 


21-5 


36-76 


21-78 


33*98 


4-5 


7-69 


4-56 


7-11 


22 


37-62 


2229 


34-77 


5 


8-55 


5-06 


7-90 


22-5 


38*47 


22-80 


35-56 


5-5 


9-40 


6-57 


8*69 


23 


39-33 


23-30 


36-35 


6 


10-26 


6-08 


9-48 


23-5 


40-18 


23-81 


37-14 


6-5 


11-11 


6*59 


10-27 


24 


41-04 


24-31 


:^7-93 


7 


11-97 


7-00 


11-06 


24-5 


41-89 


24-82 


38-72 


7-5 


12-82 


7-60 


11-85 


25 


42*75 


25-32 


39-51 


8 


13*68 


8-10 


12-64 


25-5 


43-60 


25-83 


40-30 


8-5 


14-53 


8-61 


13-43 


26 


44*46 


26-34 i 


4109 


9 


15-39 


9-12 


14-22 


26-5 


45-31 


26-85 


41-88 


9-5 


16-24 


9*63 


1501 


27 


4617 


27-35 


42-67 


10 


17-10 


10-13 


15-81 


27-5 


47-02 


27-86 


43*46 


10-5 


17-95 


10-64 


16-60 


28 


47-88 


28*36 


44-25 


11 


18*81 


11-14 


17-39 


28-5 


48-73 


28-37 


45*04 


11-5 


19*66 


11-65 


18-18 


29 


49-59 


29*38 


45*83 


12 


20-52 


12-17 


18-97' 


29-5 


50* U 


29-89 


46*62 


12-5 


21-37 


12-68 


19-76 


30 


61-29 


30-39 


47*42 


13 


22*23 


13-17 


20-55 


30-5 


62-14 


30-90 


48*21 


13-5 


23-08 


1368 


21-34 


31 


53-00 


31-41 


49*00 


11 


23-94 


14-18 


22-13 


31-5 


53-85 


31-91 


49*79 


14-5 


24-79 


14-69 


22-92 


32 


54-71 


32-42 


50*88 


15 


25*65 


15-19 


23-71 


32-5 


65*56 


32-92 


61*37 


15-5 


26-50 


15-70 


24-50 


33 


56-42 


33*43 


52-16 


16 


27-36 


16-21 


25*29 


33*5 


57-27 


33-94 


52-95 


16-5 


28-21 


16-73 


26-08 


34 


68-13 


34-44 


63-74 


17 


29-07 


17-22 


26*87 


34-5 


68-98 


34-95 


64-53 


17-5 


29-92 


17-73 


27*66 


35 


69*84 


35-46 


65-32 
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FRENCH, GERMAN, AND ENGLISH COMMERCIAL ALKALI- 
METRICAL DEGREES.— Con/tnued. 



Real 


German 


New- 


French 
degrees. 


Real 


German 


New- 


French 
degrees. 


Soda 
Na,0 


degrees 
NajCO., 


castle 
degrees. 


Soda 
NajO 


degrees 
NaiCOa 


castle 
degrees. 


a5*5 


60*69 


35*96 


56*11 


58 


99-16 


58*76 


91*68 


36 


61-55 


36-47 


56-90 


58*5 


100-02 


59-27 


92*47 


36*5 


62-40 


36-98 


57*69 


59 


100*87 


59*77 


93*26 


37 


63*26 


37*48 


58*48 


59*5 


101*73 


60*28 


94*05 


37-5 


64-11 


37-98 


69*27 


60 


102-68 


60*79 


94*84 


38 


64*97 


38*50 


60*06 


605 


103*44 


61*30 


95-63 


58*5 


65*82 


39-00 


60*85 


61 


104-30 


61-80 


96*42 


39 


66*68 


3951 


61*64 


61*5 


105*15 


62-31 


97*21 


39*5 


67*53 


40*02 


62*43 


62 


106-01 


62-82 


9R-no 


40 


68-39 


40-52 


63*22 


62*5 


106*86 


63-32 


98*79 


40*5 


69-^ 


41-03 


64-01 


63 


107*72 


63*83 


99*58 


41 


7010 


41*54 


64*81 


63-5 


108*57 


^■33 


100*37 


41-5 


70-95 


42*04 


65*60 


64 


109*43 


64*84 


101*16 


42 


71-81 


42*55 


66 39 


64*6 


110-28 


65-35 


101*96 


42-5 


72-66 


43*06 


67*18 


66 


111*14 


65*85 


102*74 


43 

43-5 

44 

44-5 

45 


73*52 
74-37 
75*23 
7608 
76*94 


43*57 
44*07 
44-58 
45*08 
45*69 


67-97 
68*76 
69*55 
70*34 
71*13 


65*6 

66 

66*5 

67 

67*5 


111-99 
112-85 
113*70 
114*56 
115*41 


66*36 
66*87 
67*37 
67-88 
68-39 


103*63 
104*32 
10611 
105-90 
106-69 


45-5 

46 

46-5 

47 

47-5 


77*80 
78*66 
79*51 
80*37 
81*22 


46*10 
46*60 
47*11 
47*62 
48*12 


71*92 
72*71 
73-50 
74*29 
76*08 


68 

68-5 

69 

69*6 

70 


116*27 
117-12 
117-98 
118-83 
119*69 


68*89 
69*40 
69*91 
70*41 
70*92 


107*48 
108*27 
109*06 
109-85 
110*64 


48 

48-5 

49 

49*5 

50 


82*07 
82-93 
8378 
84*64 
85-48 


48-63 
49*14 
49*64 
50*15 
50*66 


75-87 
76*66 
77*45 
78*24 
79*03 


70*5 

71 

71*5 

72 

72*5 


120-63 
121*39 
122*24 
123*10 
123-96 


71*43 
71*93 
72*44 
72-95 
73*45 


111-43 
112-23 
113-02 
113*81 
114*60 


50-5 

51 

51-5 

52 

52-5 


86*34 
87*19 
88*05 
88*90 
89*76 


51*16 
51-67 
52*18 
52-68 
53*19 


79-82 
80-61 
81*40 
82-19 
82-98 


73 

73*5 

74 

74*5 

75 


124*81 
125*66 
126*52 
127*37 
128*23 


73-96 
74*47 

74-97 
75-48 
76*99 


116*39 
116*18 
116-97 
117-76 
118-55 


53 

53-5 

54 

M-5 

55 


90-61 
91*47 
92*32 
93*18 
94*03 


53*70 
54*20 
54-71 
55-22 
65*72 


83*77 
84*56 
85-35 
86*14 
86*93 


76-6 

76 

76*6 

77 

77-5 


129*06 
129*94 
130*79 
131*66 
132*60 


• 76-49 
77*00 
77*51 
78*01 
78*52 


119*34 
120*13 
120*92 
121*71 
122*60 


55-5 


94*89 


56*23 


87*72 










56 


95*74 


56*74 


88*52 










56-6 


96*60 


57*24 


89*31 










57 


97*45 


57-75 


90*10 










57*5 


9631 


58*26 


90*89 
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H.— CAUSTIC SODA. 

1.-CAUSTIG LIQUOR. 

(a) Test for available alkali and sodium carbonate (as described 
page 115.). An exact estimation of CO 2, which is rarely necessary 
in this case, could be made by expelling it with dilute sulphuric 
acid, and absorbing it in soda lime (page 83). 

<&) SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM HYDRATE 

(60'>F.-15«'C.) 



wad- 
dell. 


Grms* 

per 

litre. 


Lbs. per cubic foot. 




Grms. 

per 

litre. 


Lb. per cubic foot. 




48% 1 
ash. 


60% 




48% 


60% 


^ 


Na,0. 


Na,0. 


caustic 


H 


Na^O. 
169*4 


Na,0. 


ash. 


caustic. 


1 


3-7 


•23 


•49 


•39 


41 


10-56 


22*00 


17*60 


2 


7-5 


•47 


•98 


•78 


42 


174-7 


10-89 


22*70 


18*16 


3 


11-3 


•70 


1*47 


1*17 


43 


180*1 


11*23 


23*40 


18*72 


i 


151 


•94 


1-96 


1*56 


44 


185*5 


11*56 


24*10 


19*28 


5 


18*8 


1*17 


2*45 


1-96 


45 


190*9 


11*90 


24*80 


19*81 


6 


22*6 


1*41 


2-94 


2*35 


46 


196*3 


12-24 


25*50 


20*40 


7 


26-4 


1*64 


3*43 


2-74 


47 


201-7 


12*57 


26*20 


20-96 


8 


30-2 


1-88 


3-92 


3-13 


48 


207*0 


12-91 


26-89 


21*51 


9 


33*9 


2*11 


4*41 


3*53 


49 


212-4 


13-24 


27*59 


2-2-07 


10 


37-7 


2*35 


4-90 


3*92 


50 


217-8 


13*58 


28*29 


22-63 


11 


41-6 


2*59 


5*41 


4*32 


51 


223*4 


13-92 


29-01 


23*21 


12 


45-5 


2*83 


5-91 


4*73 


52 


228-9 


14-27 


29 73 


2378 


13 


49*4 


3*08 


6-41 


5*13 


53 


234*4 


14*61 


30*45 


24*36 


11 


63-2 


3*32 


6-92 


5*53 


54 


240 


14*96 


31*17 


24*93 


15 


57-1 


3*56 


7-42 


5*94 


55 


2455 


15-31 


31*89 


25-61 


16 


61-0 


3*80 


7*93 


6-34 


56 


251-0 


15*65 


32*61 


2608 


17 


61-9 


4*04 


8*43 


6*74 


67 


256-6 


1600 


33-33 


26*66 


18 


68-8 


4*29 


8-93 


7*15 


58 


262*1 


16*34 


34-05 


27*24 


19 


72-7 


4*53 


9-44 


7*55 


59 


267-6 


16*69 


34*77 


27*81 


20 


76-5 


4*77 


9-94 


7-95 


60 


273-2 


17*03 


35*48 


2839 


21 


80*4 


5-01 


10*45 


8*36 


61 


279*3 


17*41 


36-28 


29*02 


22 


84-3 


5*25 


10-95 


876 


62 


285-4 


17*79 


37*07 


29-66 


23 


88-2 


5*50 


1146 


9*16 


63 


291-5 


18-18 


37-87 


30-29 


24 


921 


5*74 


11-96 


9*57 


64 


297-7 


18*56 


38*67 


30*93 


25 


96*0 


5*98 


12*46 


9-97 


65 


303-8 


18-94 


39*46 


31*57 


26 


100*5 


6-26 


13*05 


10-44 


66 


309-9 


19*32 


40*26 


32.20 


27 


1050 


6*55 


13*64 


10*91 


67 


3160 


19*70 


41-05 


32-84 


28 


109*6 


6*83 


14*23 


11*38 


68 


322-2 


20*08 


41*85 


33*47 


29 


114*1 


7*11 


14-82 


11*86 


69 


328*3 


20-47 


42'64 


34*11 


30 


118*8 


7*39 


15*41 


12-33 


70 


334*4 


20-85 


43-44 


34-75 


31 


123*2 


7-68 


16'C0 


12-80 


71 


340-8 


21*25 


44 27 


35-41 


32 


127*7 


7*96 


16*59 


13-27 


72 


347-2 


21*65 


4510 


36*08 


33 


132*2 


8*24 


17*18 


13*74 


73 


353*6 


22*05 


45*94 


36*75 


34 


136*8 


8*53 


17-77 


14*21 


74 


8601 


22-45 


46*77 


37-41 


35 


141*3 


8*81 


18*36 


14-68 


75 


366*5 


22*85 


47*60 


38*06 


36 


145*8 


9*09 


18-94 


1515 


76 


372*9 


23-25 


48*44 


38*75 


37 


150-4 


9*37 


19-53 


15*63 


77 


379*3 


23-65 


49*27 


39*41 


38 


154*9 


9*66 


2012 


16-10 


78 


385*7 


2105 


5010 


40*08 


39 


150*4 


9*94 


20*71 


16-57 


79 


892-1 


24*45 


50-94 


40*75 


40 


164*0 


10*22 


21*30 


17*04 


80 


398*5 


24*85 


61*77 


41*41 
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SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM HYDRATE. 

iWF.'-lS'C.)— Continued. 





Grms. 


Lbs. per cubic foot. | 


wad- 
deU. 


Grms. 


Lb. per cubic foot. 


per 
litre. 




48% 


60% 


Utre. 




48% 


60% 


EH^ 


Na.O. 


Na^O. 


ash. 


caustic 


H 


NajO. 


NajO. 


caustic. 


81 


105-2 


25-26 


52-63 


42^10 


91 


472-3 


29-44 


61*34 


49*07 


82 


411*8 


25-67 


53-49 


42-79 


92 


479-9 


29-92 


62*53 


49-86 


83 


418-4 


26-08 


54-34 


43-47 


93 


487-6 


30-39 


63-32 


50*65 


84 


425-0 


26-50 


55-20 


44-16 


94 


495*3 


30*87 


64*31 


51*44 


85 


431-6 


26-91 


5606 


44-85 ! 


95 


502-9 


31-34 


65*29 


52*23 


86 


438^2 


27-32 


56-92 


45-53 ! 


96 


510-6 


31*82 


66-28 


53*02 


87 


444^8 


27-73 


57-78 


46-22 1 


97 


518-2 


32*29 


67*27 


53-81 


88 


451^4 


28-14 


58-63 


46-91 


98 


525-9 


32*76 


68-26 


54*60 


89 


458-0 


28-56 


59-49 


47-59 


99 


533-6 


33*28 


69-25 


55*40 


90 


164-6 


28-97 


60-35 


48-28 


100 


541-2 


33-75 


70-30 


56-24 



(c) INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITIES OF SOLUTIONS OF CAUSTIC SODA. 



o*c. 


6° 


10" 


15° 


20" 


25° 


30' 
1-353 


35- 


40" 
1*348 


45° 


60" 


1-367 


1-364 


1*362 


1-360 


1-357 


1-355 


1*350 


1*345 


1-342 


1-357 


1-354 


1*352 


1*450 


1-317 


1-345 


1-343 


1*340 


1*337 


1*335 


1-332 


1-347 


4-344 


1*342 


1-340 


1-338 


1*336 


1*333 


1*330 


1-327 


1*325 


1-3*22 


1-338 


1-335 


1-332 


1330 


1-328 


1*325 


1*323 


1*320 


1*317 


1*315 


1-312 


1-328 


1-325 


1-322 


1-320 


1-318 


1*315 


1-313 


1-310 


1*307 


1-305 


1-302 


1-318 


1-315 


1*313 


1-310 


1-308 


1*305 


1-303 


1*300 


1*297 


1*294 


1-292 


1-306 


1-305 


1*303 


1-300 


1-297 


1*294 


1-292 


1*289 


1*287 


1*284 


1-282 


1-298 


1-295 


1*293 


1-290 


1-287 


1-284 


1-282 


1-279 


1-277 


1*274 


1-272 


1-288 


1-285 


1*283 


1*280 


1-277 


1*274 


1-272 


1-269 


1-267 


1*264 


1-262 


1-278 


1-275 


1*273 


1*270 


1-267 


1*265 


1*262 


1*260 


1*258 


1-256 


1-252 


1-268 


1-265 


1-263 


1*260 


1-257 


1-255 


1*252 


1*250 


1-248 


1*245 


1-242 


1-257 


1-255 


1*252 


1-260 


1-247 


1-245 


1-242 


1-240 


1-238 


1**235 


1-233 


1-247 


1-245 


1*242 


1*240 


1-237 


1*235 


1-232 


1*230 


1-228 


1-225 


4-223 


1-237 


1-235 


1*232 


1*230 


1-227 


1*224 


1*222 


1-220 


1-218 


1-215 


1-212 


1-227 


1-2*25 


1*222 


1*220 


1-217 


1*214 


1*212 


1*210 


1-208 


1-206 


1-202 


1^217 


1-215 


1*212 


1-210 


1-207 


1*204 


1-203 


1-200 


1-198 


1-196 


1-192 


1-207 


1-205 


1*202 


1-200 


1-197 


1*195 


1193 


1-19D 


1-188 


1-186 


1-184 


1-197 


1195 


1192 


1-190 


1*187 


1*185 


1*183 


1-180 


1-178 


1-176 


1-174 


1-187 


1*185 


1*182 


1*180 


1-177 


1175 


1-173 


1-170 


1-168 


1-166 


1-164 


1-176 


1-174 


1*172 


1-170 


1-167 


1*165 


1-163 


1-161 


1158 


1166 


1-154 


1-166 


1*164 


1*162 


1-160 


1-157 


1*155 


1-153 


1-151 


1-148 


1*146 


1-144 


1-156 


1-154 


1-152 


1-150 


1-148 


1*146 


1-144 


1-142 


1-140 


1*137 


1-135 


1-146 


1*144 


1*142 


1-140 


1-138 


1*136 


1*134 


1-132 


1-130 


1-127 


1-125 


1-136 


1*134 


1-132 


1-130 


1-128 


1*126 


1*124 


1-122 


1-120 


1*118 


1-llft 


1*126 


1-124 


1-122 


1-120 


1-118 


1*116 


1*114 


1.112 


1-110 


1*106 


1-106 


1*115 


1*113 


1-112 


1110 


1-108 


1*106 


1*104 


1-102 


1-100 


1*099 


1-097 


1*105 


1103 


1*102 


1-100 


1-098 


1-096 


1*095 


1-093 


1-092 


1090 


1-087 


1*094 


1-093 


1*091 


1-090 


1-088 


1*087 


1*086 


1*084 


1*082 


1-080 


1-07& 


1-064 


1*083 


1.061 


1-060 


1-078 


1*077 


1076 


1-074 


1-072 


1-070 


1-068 


1-074 


1*073 


1*071 


1-070 


1-068 


1*067 


1*066 


1064 


1-062 


1-060 


1-058 


1*064 


1*063 


1*061 


1*060 


1-058 


1*057 


1*056 


1-054 


1-052 


1-050 


1-048 


1*054 


1-053 


1051 


1*050 


1*048 


1*W7 


1-046 


1-044 


1*042 


1-040 


1-03& 


1*044 


1*043 


1*041 


1*040 


1*038 


1*037 


i*a% 


1-034 


1*032 


1*030 


1-028 


1*034 


1*033 


1*031 


1*030 


1-028 


1*027 


1*026 


1*024 


1*022 


1-020 


1-018 


1-024 


1*023 


1*021 


1-020 


1-018 


1*017 


1*016 


1*014 


1*012 


1-010 1 1-008 


1-014 


1-013 


1*011 


1-010 


1*008 


1*007 1 1*006 1 1*004 


1*002 1 1*000 1 0-996 



129 



2.— LIME MUD. 

(a) Sodium Carbonate and Hydrate. — Evaporate to dryness 
with addition of ammonium carbonate (in order to destroy the 
insoluble sodium compounds), repeat this, digest with hot water, 
filter, wash, and test the filtrate for alkali. The soda may have 
been originally present as NaOH or as Na^CO,. It is expressed 
in terms of NaaO(0'031grm. per cubic centimetre of normal acid.) 

{h) Caustic Lime. — Titrate as described (page 111) with oxalic 
acid. This indicates NaOH as well, for which half of the amount 
found in test (a) may be assumed without any serious error. 

(c) Calcium Carbonate. — Titrate with normal hydrochloric acid 
and methyl-orange, deduct from the- cubic centimetres required those 
required m tests {a) and {b). 

(c) INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITIES OF SOLUTIONS OF CAUSTIC aOBA—Contd. 



55" 


60' 


65° 


70' 


75' 


80' 


85' 


90' 


95' 


100' 


1-339 


1-336 


1-333 


1-331 


1-328 


1-326 


1-323 


1*321 


1-318 


1-316 


1-330 


1-327 


1-324 


1-322 


1-319 


1-316 


1-314 


1-311 


1-308 


1-306 


1-320 


1-317 


1-314 


1-312 


1-309 


1-306 


1-304 


1-301 


1-298 


1-296 


1-310 


1-307 


1-304 


1-302 


1-299 


1-296 


1*294 


1*291 


1*288 


1-286 


1-300 


1-297 


1-294 


1-292 


1-289 


1-286 


1-283 


1-280 


1*277 


1-274 


1-289 


1-286 


1-284 


1*281 


1-278 


1*275 


1-272 


1-269 1*266 


1-263 


1-279 


1-276 


1-274 


1*271 


1-268 


1-265 


1*262 


1*259 


1*256 


1-253 


1-269 


1-266 


1-264 


1*261 


1-258 


1-255 


1-252 


1*249 


1-245 


1*242 


1*259 


1-256 


1-254 


1-251 


1-248 


1-245 


1-242 


1*239 


1-235 


1*232 


1-250 


1-247 


1-245 


1-242 


1-239 


1-236 


1-233 


1-231 


1-228 


1*225 


l-2i0 


1-237 


1*235 


1-232 


1-229 


1*226 


1-223 


1*221 


1-218 


1-215 


1-231 


1-228 


1-226 


1-223 


1-220 


1*218 


1-215 


1*213 


1-209 


1-207 


1-221 


1-218 


1-216 


1-213 


1-210 


1-208 


1-205 


1*203 


1*200 


1-197 


1-210 


1-208 


1-205 


1-202 


1-200 
1190 


1*198 


1-195 


1-192 


1*190 


1*187 


1-200 


1198 


1-195 


1-192 


1*188 


1-185 


1-182 


1*180 


1177 


1-191 


1-189 


1-186 


1-184 


1*181 


1-179 


1176 


1-173 


1-171 


1*168 


1-182 


1-180 


1-177 


1-175 


1*172 


1-169 


1-166 


1-163 


1-161 


1*158 


1-172 


1*169 


1-166 


1-164 


1*161 


1-158 


1155 


1-153 


1-150 


1147 


1-162 


1-159 


1-156 


1-153 


1-151 


1-148 


1-145 


1-143 


1-140 


1-137 


1-152 


1-149 


1-146 


1-143 


1*140 


1-138 


1135 


1-132 


1130 


1-127 


1-142 


1-139 


1-136 


1*133 


1*130 


1-128 


1*125 


1-122 


1-120 


1*117 


1132 


1-130 


1-127 


1*124 


1121 


1-118 


1*116 


1*113 


1-110 


1*107 


1-122 


1-120 


1-117 


1*114 


1*111 


1-108 


1*106 


1-103 


1-100 


1*007 


1-113 


1-110 


1-107 


1*104 


1*101 


1-099 


1-096 


1-093 


1-090 


1*087 


1-103 


1-100 


1-097 


1-094 


1-092 


1-089 


1*086 


1-083 


1-080 


1-077 


l-09!4 


1-091 


1-089 


1-086 


1*083 


1*080 


1*077 


1*074 


1-071 


1*068 


1-0^ 


1-082 


1-079 


1-076 


1-073 


1-070 


1-067 


1*064 


1*061 


1058 


1075 


1073 


1-070 


1*067 


1-064 


1-061 


1-058 


1-056 


1-052 


1-048 


1-066 


1-063 


1-060 


1-057 


1-054 


1-051 


1-048 


1-046 


1-043 


1-040 


1-056 


1-053 


1-050 


1-047 


1-044 


1-042 


1-039 


1-036 


1-033 


1-030 


1-016 


1-043 


1-040 


1-037 


1-034 


1-032 


1*029 


1-026 


1D23 


1-020 


1-036 


1033 


1-030 


1-027 


1*024 


1-021 


1-019 


1-016 


1-013 


1-010 


1-026 


1-023 


1-020 


1-017 


1-014 


1-011 


1*009 


1-006 


1-003 


1-000 


1-016 


1-013 


1-010 


1-007 


0004 


1*001 


0-999 


0-996 


0-993 


0-990 


1-006 


1-003 


1-000 


0-997 


0-994 


0-991 


0-989 


0-986 


0*983 


0-980 


0-996 


0-993 


0-990 


0-987 


0-984 


0*981 


0*979 


0-976 


0-973 


0*970 



i— FL^SZT- SALTS. 
^'i&3Si»^ e j(>v:rra& in I ion jc wacez;. jod :akB ^Iccl of Bt^iior for 
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6. -SULPHUR RECOVERY. 

(a) Soda Waste. — Test for available sulphur (page 116). 

(b) Sulphur Liquors. — Take single tests with a pipette holding 
-3 '20.0., as follows : — 

1. 3 '20.0. of liquor are diluted to lOOc.c. Add starch and titrate 
with decinormal iodine solution. Call the cubic centimetres used x 

2. Decolourise the solution obtained in test No. 1 by a drop of 
43odiuni thiosulphate solution ; add litmus or methyl-orange, and 
titrate with decinormal alkali, of which the cubic centimetres used 
is equal to y. 

3. Add to 6'4c.c. of sulphur liquor some sodium acetate and a 
solution of zinc sulphate, till all sulphide has beeii precipitated as 
ZuS ; dilute to 200c. c, pour through a dry filter, and titrate 100c. c. 
of the filtrate with starch and decinormal iodine, of which z cubic 
centimetres are used. 2z indicates the sulphur present in the liquor as 
thiosulphate in terms of grammes per litre (for 2CaSa03+2J= 
CaS^Oe + CaJ, ; hence Ic.c. iodine solution is equal to 0*0064grm. S) ; 
y indicates the sulphur present as sulphydrate in grammes per 
Utre (for CaH2S2+4J=CaJ., + S2+2HJ and 2HJ+2NaOH = 
2NaJ+2HaO; hence Ice. iodine solution is equal to O'OOlOgrm.S, but 
Ice. decinormal alkali is equal to 0*0032 grm.S) ; x-2y-z indicates 
the sulphur present as sulphides in grammes per litre, if their 
formula is assumed to be equal to CaS,, which suffices for practical 
purposes (for CaS2 + 2J = CaJ2+2S ; hence Ice iodine is equal to 
0*0032) ; but the term x also comprises the thiosulphate equal to 2;, 
aiiid the sulphhydrate which is put equal to 2,y, because it requires 
twice as many cubic centimetres of iodine than of alkali. 

The total sulphur^ apart from that present as sulphuric acid, is 
obtained by adding all three amounts — that is, 2z+y + x-2y-z— 
ijc-{-z-y, expressed in grammes per litre. According to the 
equation, 2H2S + SOa=2H20 + 3S, the best proportion is exactly 2 
molecules CaSa or 1 molecule CaSaHj to 1 molecule CaSoOg. Now 
2 molecules CaS2 or 1 molecule CaSaHj require 4 atoms J, whilst 
1 molecule CaSaOg only requires 1 atom J ; hence the best composition 
of a sulphur liquor is that where x=5z. If in reality x>5Zy there 
•will be an escape of Ha S on decomposing the liquor by acid, and there 
will be a corresponding loss of sulphur, viz., 0*5 (x-5z) grammes, 
'because both in the case of sulphide and of sulphydrate each atom 
of iodine corresponds to half a molecule of HgS. If, on the other 
hand, the analysis indicates x<5z, there is an exces of thiosulphate 
present, and SO 2 will escape on decomposition, there will be then a 
loss of sulphur equal to 0*25 {6z-x) grammes, because 1 atom of 
iodine corresponds to 1 molecule SO 3. In either case the remainder 
may be termed recoverable sulphur. 

C— WASTE ACID FROM DECOMPOSING SULPHUR 

LIQUORS. 

1. Free Acid is tested with normal alkali and methyl-orange. If 
HaS is present, the free HCl is indicated directly, since HjS does 
not act upon methyl-orange ; or else HaS is driven ofi'by heat and 

k2 
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the test is made aftenvards. But if, as usual, SO, is in excess, the 
alkali shows HCl and SO^ together ; the latter is ascertained by 
test No. 2 and its quantity deducted. (N.B. — It is not indifferent in 
this case whether litmus or methyl-orange are employed as indi- 
cators ; in the former case Ic.c. normal alkali =1 molecule SO 2 = 
0*064grm. ; in the second case Ic.c. alkali =2 molecules SO 2 = 
0128grm.). 

2. Another sample is tested with starch and decinormal iodine 
till blue. Both in the case of H^S and SO 2 each cubic centimetre 
of the iodine solution indicates 0'0016grm. S. 

D.— RECOVERED SULPHUR 

* 

is tested like brimstone (page 79), especially for moisture and ashes. 



7.— NITRIC ACID MANUFACTURE. 

A.— NITRATE OF SODA. 

1. Moisture. — Dry lOgrms. in an air bath at 130*C., till the 
weight is constant. 

2. Insoluble. — Dissolve lOgrms. in water, filter, wash, and ignite. 
If there is a very appreciable quantity of organic substance present, 
first dry at lOO^'C. and weigh the filter with the precipitate before 
igniting it. The solution is used for the tests Nos. 4 to 6. 

3. Sodium Nitrate. — From a very well mixed, finely-ground 
sample weigh in a narrow weighing- tube about 0'35grm. (which is 
facilitated by filling it to a mark*), cork the tube, and weigh. 
Pour the contents into the "nitrometer for saltpetre" (described 
in the Journal of the Society of Chemical Industry, 1882, page 15), 
taking care that the substance gets as much as possible upon the 
bottom of the top cup. The three-way cock must have been made to 
communicate neither above, nor below, nor sideways. Run in 
about 0'5c.c. water, wait a minute till the nitre is nearly or quite 
dissolved, aspirate the solution into the measuring tube by 
cautiously opening the tap, the level tube being lowered, wash the 
cup with at most 0'5c.c. water, and run in 15c. c. concentrated pure 
sulphuricr acid. Start the reaction as with the ordinary nitrometer 
(page 98), and finish it by vigorous shaking. The level tube should 
be roughly put into position, in order to avoid any strong differences 
of pressure, and consequently 'possible leaking of the tap, and wait 
at least half an hour for cooling. Now adjust the level definitively, 
by allowing one division of mercury in the level tube for each 6j- 
divisions of acid in the measuring tube. Read off the volume of gas, 
but convince yourself whether it is actually under atmospheric 



* The quantity of nitrate employed should be such that at the existing 
temperature and pressure the NO disengaged in the test is above 100c.c.» 
but not above 120c.c. 
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pressure by pouring a little sulphuric acid into the cup and 
cautiously running it into the tube, as described on page 99. 
Ascertain the temperature ^and the state of the barometer, and 
reduce the volume of gas by the tables (page 28, et seq.) to 0" and 
760mm. pressure. ThusxccNO are obtained. Each cubic centimetre 
of NO is equal to 0-003805grm.NaNO3 (table, page 99). The total 
divided by the weight employed equal a, and multiplied by 100* 
indicates the percentage, which is hence equal to 

-38053? 
a 

(N.B. — The nitrometer should be tested whether it really contains 
•exactly 100c. c. to the mark 100, by inverting it, filling in mercury 
to the mark 100, running it off, and weighing. It should weigh 
l,S96grms. reduced to 0°. If there is a difference, this must be 
allowed for in each reading. ) 

4. Sodium Sulphate is estimated in the solution No. 2 by pre- 
■cipitation with BaClj and weighing the BaS04. (Refer to page 82.) 

5. Sodium Chloride is titrated with silver nitrate. (Refer to 
page 102.) 

6. Iodine is proved by reducing the iodic acid with zinc, heat- 
ing the solution with concentrated sulphuric acid, which liberates 
the iodine, diluting and agitating with carbon bisulpiiide, which 
i^kes up the iodine, and is tnereby coloured pink. 

B.— NITRE-CAKE. 

1. Free Acid is titrated with standard alkali (page 103). When 
larger quantities of ferric oxide or alumina are present, no indica- 
tor is employed, but normal alkali is added till the first flakes of a 
precipitate indicate the end of the reaction. 

2. Nitric Acid should be estimated in the nitrometer for acids 
(page 98), its quantity being too small for the other nitrometer 
•(page 132), but the method employed is exactly the same as described 
in the last-mentioned place, viz., dissolving in the top cup in very 
little water and decomposing with a great excess of sulphuric acid. 

3. Ferric Oxide and Alumina (as page 103). 



134 



C— NITRIC ACID. 
1.— SPECIFIC GRAVITY OF NITRIC ACID, AT 60T. (IS^C.) 

Calculated from Kolb's Results. 







Grammes per litre. 


Tw8d- 


Percentage by weight. 


Lb. per 100 gallons. 


deU. 


HNO-, 


N;0. 


HNO, 


N,0., 


1 


•88 


•75 


8-8 


7-5 


2 


1-75 


1-50 


17-6 


151 


3 


2-62 


2-25 


26-6 


22-8 


<L 


3-50 


3-00 


35-7 


30-6 


5 


4-37 


3-75 


44-8 


38-4 


6 


5-25 


4-50 


540 


46-3 


7 


612 


5-25 


63*3 


54-2 


8 


6-95 


5-95 


72-3 


620 


9 


7-77 


6-66 


81-2 


696 


10 


8-59 


7-36 


90-2 


77-3 


11 


9-41 


8-07 


99-3 


85-1 


12 


10-23 


8-77 


108-4 


97-3 


13 


1106 


9-48 


117-8 


lOl-O 


14 


11-88 


10-18 


127-1 


108-9 


15 


12-70 


10-89 


136-5 


117-0 


16 


13-52 


11-59 


1460 


125-1 


17 


14-34 


12-29 


155-6 


133-4 


18 


1516 


12-99 


165-2 


141-6 


19 


15-98 


13-70 


175-0 


150-0 


20 


16-80 


14-40 


184-8 


158-4 


21 


17-57 


15-06 


194-1 


166-4 


22 


18-35 


15-72 


203-7 


174-6 


23 


1912 


10-39 


213-2 


182-7 


24 


19-89 


i7-a5 


222-7 


190-9 


25 


20-67 


17-71 


232-5 


199-3 


26 


21-44 


18-38 


242-3 


207-7 


27 


22-21 


19-04 


2520 


216-0 


28 


22-98 


19-70 


262-0 


224-6 


29 


23-76 


20-36 


272-0 


233-2 


30 


24-53 


21-03 


282-1 


241-8 


31 


25-30 


21-69 


292-2 


250-4 


32 


26-08 


22-35 


302-5 


259 3 


33 


26-85 


23-01 


312*8 


2681 


34 


27*62 


23-68 


333-1 


276-9 


35 


28-40 


24-34 


333-7 


2860 


36 


29-17 


25-00 


344-2 


295-0 


37 


29-94 


25-66 


354-8 


304-1 


38 


30-71 


26-33 


365-4 


313-2 


39 


31-49 


26-99 


376-3 


322-6 


« 40 


32-26 


27-65 


387-1 


331-8 


41 


3302 


28-30 


397-9 


341-1 


42 


33-79 


28-96 


408-8 


350-4 


43 


34-55 


29-61 


419-8 


359 9 


44 


35-32 


30-27 


430-9 


369-3 


45 


36-08 


30-93 


442-0 


378-9 


46 


36-85 


31-58 


453-2 


388-5 


47 


37-61 


32-24 


464-5 


398-1 


48 


38-38 


32-90 


475-9 


407-9 


49 


3915 


33-55 


487-4 


417-8 


50 


39-91 


34-21 


498-8 


427-6 


51 


40-68 


34-86 


510-5 


437-6 


52 


41-44 


35-52 


5221 


447-6 


53 


42-21 


36-18 


532-8 


456-6 



135 
l.-SPECIFIC GRAVITY OF NITRIC ACID. AT 60*F. (15'C.) 

Calculated from Kolb's Results.— Co7t^tnue<2. 







Grammes per litre. 


Twad- 


Percenta^^e 1 

HNOa 


by weight. 


Lb. per 100 gallons. 


dell. 


N,0« 


HNOa 


N,0, 


54 


42-97 


36-83 


5457 


467-8 


55 


43-74 


37-49 


557-7 


478-0 


56 


44-50 


38*15 


569*6 


488-2 


57 


45-27 


38-80 


581-7 


498-6 


58 


46*04 


39-46 


593-9 


509-1 


59 


46-80 


40-11 


606-0 


519-5 


60 


47-57 


40-77 


618-4 


630*1 


61 


48-33 


. 41-43 


630*7 


640-6 


62 


49-10 


42 08 


643-2 


651-3 


63 


49-86 


42-74 


655*6 


5620 


64 


50-63 


43-40 


668*3 


572*8 


65 


51-40 


44*06 


681*0 


583*8 


66 


52-24 


44*78 


694*8 


595*6 


67 


53-09 


45*51 


708*7 


607-5 


68 


53-94 


46*24 


722-8 


619-6 


69 


54-79 


46*96 


736*9 


631*6 


70 


55-64 


47*69 


751-1 


643*8 


71 


56-53 


48*45 


766.0 


656*6 


72 


57-42 


49*22 


780-9 


669-4 


73 


58*31 


49*98 


795*9 


682-2 


74 


59-21 


50*75 


811*2 


695.3 


75 


60-10 


51-51 


826*4 


708-4 


76 


61-00 


52*29 


841-8 


721-6 


77 


61-97 


53*12 


868-3 


735-8 


78 


62-95 


53*96 


8750 


750-0 


79 


63-92 


54-79 


891-7 


764-2 


80 


64*90 


55*66 


908-6 


778-8 


81 


66-01 


56-61 


927-4 


794-9 


82 


67*12 


57-56 


916-4 


811-2 


83 


68*23 


58-51 


965*4 


827-4 


84 


69*34 


59-46 


984*6 


844-0 


85 


70-45 


60-39 


1004 


860-6 


86 


71*83 


61-57 


1027 


880-4 


87 


73*21 


62-76 


1050 


900*0 


88 


74-59 


63*94 


1074 


920*6 


89 


75*98 


6513 


1097 


940-4 


90 


77*36 


66-31 


1122 


961-8 


91 


7875 


67-50 


1146 


982-4 


92 


8013 


68-68 


1170 


1003 


93 


81*52 


69*87 


1195 


1024 


94 


82*90 


71*05 


1219 


1045 


95 


84*28 


72-24 


1243 


1066 


96 


85*66 


73-43 


1268 


1087 


97 


87*05 


74-61 


1293 


1108 


98 


88*43 


75-80 


1318 


1130 


99 


89*82 


76-98 


1343 


1151 


100 


91-20 


78*18 


1368 


1173 


101 


92 66 


79-43 


1394 


1195 


102 


94-13 


80*69 


1421 


1218 


103 


95*59 


81*94 


1448 


1241 


104 


97*06 


83*20 


1475 


1264 


105 


98*53 


84-46 


1502 


1287 


106 


10000 


85-71 


1530 


1311 
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2.-INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITY OF NITRIC ACID. 



O'C. 


5* 


10' 


15- 


20* 


25" 


30" 


35* 


40' 


45' 


50" 


1-424 


1*414 


im 


1-400 


1*392 


1-385 


1-378 


1-371 


1*363 


1-356 


1-349 


1-413 


1*404 


1*397 


1*390 


1*382 


1-375 


1*367 


1-361 


1*354 


1*347 


1-340 


1*402 


1*394 


1-387 


1*380 


1*372 


1-365 


1*357 


1*351 


1*344 


1*339 


1-332 


1-391 


1*383 


1-377 


1*370 


1-363 


1-356 


1-349 


1*342 


1-335 


1*330 


1-323 


1*380 


1*373 


1-367 


1-360 


1*353 


1-346 


1-340 


1*333 


1*326 


1*320 


1-314 


1-369 


1-362 


1-356 


1*350 


1-343 


1*337 


1-330 


1*323 


1-317 


1-312 


1*305 


1-359 


1*352 


1*346 


1-340 


1*333 


1*327 


1-320 


1*314 


1-308 


1*303 


1*297 


1-348 


1*342 


1-336 


1-330 


1*324 


1*318 


1-311 


1*305 


1-299 


1*294 


1*288 


1-338 


1-332 


1-326 


1-320 


1*314 


1*308 


1-302 


1*296 


1-290 


1*285 


1*280 


1-327 


1-321 


1-316 


1-310 


1*304 


1*299 


1-293 


1*287 


1-281 


1-276 


1*271 


1-317 


1-311 


1-306 


1300 


1-294 


1*289 


1*283 


1-278 


1-273 


1-268 


1-263 


1-307 


1-301 


1-296 


1*290 


1*284 


1*279 


1-273 


1*268 


1*263 


1*258 


1*253 


1-297 


1-291 


1*286 


1*280 


1*274 


1*289 


1-263 


1*258 


1*253 


1*248 


1*243 


1-287 


1*281 


1-276 


1*270 


1*265 


1-259 


1-254 


1-248 


1-243 


1*238 


1*234 


1-277 


1-271 


1-286 


1*260 


1*255 


1*249 


1-244 


1*238 


1-233 


1*228 


1*224 


1-266 


1*260 


1*255 


1-250 


1-245 


1*210 


1-235 


1-229 


1-224 


1-219 


1*215 


1-256 


1*250 


1-245 


1*240 


1-235 


1*230 


1*225 


1-220 


1-215 


1*210 


1*205 


1-245 


1*240 


1-235 


1*230 


1-225 


1*220 


1*215 


1-210 


1-206 


1*201 


1-196 


1*235 1*230 


1-225 


1*220 


1-215 


1-210 


1*205 


1*200 


1*196 


1*191 


1*186 


1-224 


1-219 


1*214 


1*210 


1-205 


1*200 


1*196 


1*191 


1*187 


1*182 


1177 


1-213 


1*208 


1*204 


1*200 


1195 


1*190 


1*186 


1*181 


1177 


1-172 


1-167 


1-202 


1*198 


1-194 


1*190 


1-185 


1*181 


1*177 


1-172 1-168 


1*163 


1-158 


1-192 


1*188 


1184 


1*180 


1-177 


1*171 


1*167 


1-163 1-158 


1-154 


1-150 


1-182 


1*178 


1*174 


1*170 


1*166 


1*162 


1-158 


1-154 


1-149 


1-145 


1*141 


1-172 


1*168 


1*164 


1*160 


1*156 


1*152 


1-148 


1*144 


1140 


1-136 


1*132 


1-161 


1*158 


1*154 


1*150 


1*146 


1*142 


1-139 


1-135 


1-130 


1-127 


1-123 


1151 


1-147 


1*144 


1*140 


1136 


1*132 


1-129 


1-125 


1-121 


1*118 


1*114 


1-139 


1-136 


1-133 


1*130 


1-126 


1-123 


1-119 


1-116 


1-112 


1*109 


1*105 


1-129 


1-126 


1*123 


1*120 


1116 


1*113 


1-110 


1-106 


1-103 


1*100 


1*096 


1*118 


1-115 


1-112 


1*110 


1107 


1*104 


1-101 


1-097 


1*091 


1*091 


1087 


1-108 


1-105 


1-102 


1*100 


1-097 


1*094 


1-091 


1*088 


1*085 


1*082 


1*079 


1098 


1*095 


1*092 


1*090 


1*087 


1*084 


1*081 


1*078 


1*075 


1*073 


1*070 


1*088 


1-085 


1*082 


1*080 


1*077 


1*074 


1*071 


1*068 


1*065 


1-063 


1*060 


1077 


1-075 


1-072 


1-070 


1*067 


1-064 


1-061 


1*058 


1-056 


1*054 


1*051 


1*067 


1064 


1-062 


1060 


1*057 


1-055 


1-052 


1*050 


1-048 


1*045 


1*043 


1057 


1-054 


1-052 


1-050 


1*047 


1*045 


1-043 


1*040 


1-038 


1*035 


1-033 


1*047 


1*044 


1-042 


1*040 


1*037 


1-035 


1-033 


1*030 


1-028 


1-025 


1-023 


1*037 


1*034 


1-032 


1*030 


1-027 


1-025 


1-023 


1*020 


1-018 


1-015 


1*013 


1*027 


1*024 


1-022 


1*020 


1-017 


1-015 


1-013 


1*010 


1-008 


1*005 


1-003 


1*017 


1*014 


1-012 


1*010 1*007 


1-005 


1-003 1-000 1 


0-996 


0-995 


0-993 
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2.-INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITY OF NITRIC ACID— Continued. 



55- 


60° 


65' 


70' 


75- 


80* 


85- 


90' 


95- 


100" 


1-342 


1-335 


1-329 


1-323 


1-316 


1-310 


1*303 


1*296 


1-290 


1-283 


1-333 


1-327 


1-320 


1-314 


1-308 


1-302 


1*294 


1-288 


1*282 


1-276 


1-326 


1-319 


1-312 


1*305 


1-300 


1-293 


1-286 


1-280 


1*274 


1-267 


1-316 


1-310 


1-304 


1*298 


1-292 


1-286 


1-279 


1-274 


1*267 


1-260 


1-308 


1-302 


1-296 


1-290 


1-284 


1-278 


1*272 


1-266 


1*260 


1*254 


1-300 


1-294 


1-288 


1*282 


1-276 


1-270 


1-265 


1-259 


1*253 


1*247 


1-291 


1-286 


1-280 


1-274 


1-268 


1-263 


1*257 


1-252 


1*246 


1*240 


1*282 


1-278 


1-272 


1-266 


1-261 


1-255 


1*250 


1-245 


1-240 


1*234 


1-274 


1*269 


1-264 


1-258 


1-253 


1-248 


1*243 


1-238 


1-233 


1-228 


1-266 


1-261 


1-256 


1-251 


1-246 


1-240 


1-235 


1-230 


1-225 


1*220 


1-258 


1-253 


1-248 


1*243 


1-238 


1-232 


1-227 


1-222 


1-217 


1-212 


1-248 


1-244 


1-239 


1*234 


1-229 


1-223 


1-218 


1-213 


1-208 


1-203 


1-238 


1-234 


1-229 


1*224 


1-219 


1-214 


1-209 


1-204 


1-199 


1-194 


1-229 


1-225 


1-220 


1*215 


1-210 


1-205 


1-199 


1-195 


1-190 


1*185 


1-219 


1-215 


1-210 


1-205 


1-200 


1-195 


1*190 


1185 


1*180 


1*175 


1-210 


1-206 


1-201 


1-196 


1-191 


1-186 


1*181 


1-176 


1-171 


1*167 


1-200 


1-196 


1-191 


1-186 


1-181 


1-177 


1*172 


1-167 


1162 


1*158 


1191 


1-187 


1*182 


1-177 


1-172 


1-168 


1-163 


1-158 


1153 


1*149 


1-182 


1-177 


1*172 


1-167 


1-163 


1*158 


1*153 


1-148 


1-144 


1*139 


1-173 


1-168 


1163 


1-160 


1164 


1*149 


1*144 


1-140 


1135 


1-130 


1-163 


1-158 


1-154 


1-150 


1-145 


1*140 


1*136 


1-131 


1-126 


1*122 


1-154 


1-150 


1-146 


1-141 


1136 


1-132 


1*128 


1-123 


1-119 


1115 


1-145 


1-141 


1-137 


1-133 


1-128 


1-124 


1-120 


1-116 


1-112 


1*107 


1-137 


1-132 


1-128 


1*124 


1-120 


1-116 


1-113 


1-108 


1105 


1*100 


1-128 


1-124 


1-120 


1*116 


1-112 


1-108 


1-105 


1-101 


1097 


1-094 


1-119 


1-115 


1-112 


1*108 


1-104 


1-100 


1-097 


1-095 


1*090 


1-086 


1-110 


1-107 


1103 


1-100 


1-096 


1-093 


1-090 


1-086 


1*082 


1*079 


1-102 


1-099 


1-094 


1*091 


1-088 


1-084 


1-081 


1-078 


1-075 


1-071 


1-093 


1-090 


1-086 


1-083 


1-080 


1-076 


1-073 


1-070 


1*067 


1-064 


1-084 


1-081 


1078 


1-075 


1-072 


1-068 


1-065 


1-063 


1-060 


1-056 


1-076 


1-073 


1-070 


1-067 


1-064 


1-061 


1-058 


1-055 


1-052 


1-049 


1-067 


1-064 


1-061 


1-058 


1-055 


1-052 


1-050 


1-048 


1045 


1-042 


1-058 


1-055 


1-052 


1-050 


1-047 


1*044 


1-042 


1040 


1-038 


1-036 


1-049 


1-046 


1-044 


1-042 


1-039 


1-037 


1*034 


1*031 


1*029 


1-027 


1-040 


1-038 


1-036 


1*034 


1-031 


1*029 


1*026 


1*023 


1-021 


1-018 


1-030 


1-028 


1-026 


1*024 


1-021 


1-019 


1*015 


1*014 


1-012 


1-009 


1020 


1-018 


1-016 


1014 


1-011 


1*009 


1*007 


1-004 


1-002 


1-000 


1-010 


1-008 


1-006 


1-004 


1-001 


0*999 


0*997 


0-994 


0-993 


0-990 


1-001 


0-999 


0-997 


0-995 


0-992 


0*990 


0*988 


0-966 


0*983 


0-981 


0-991 


0*989 


0-987 


0985 


0-982 


0*980 

1 


0-978 


0*975 


0-973 


0*971 
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3. CA^artwe.— Saturate with sodium carbonate, free from chloride, 
till the reaction is neutral or faintly alkaline, and titrate w ith silver 
nitrate (according to page 102). 

4. Sulphuric Acid, — Saturate almost completely with sodium 
carbonate and precipitate with barium chloride (as ou page 81). 
If the acid ou evaporating leaves any appreciable fixed residue, 
this usually consists of sodium sulphate. 

5. Nitrous Acid or Nitrogen Tetroxide are estimated by running 
the acid from a burette into a measured volume of warm dilute 
potassium permanganate (according to page 97). 

6. Fixed Residue, consisting chiefly of sodium sulphate, with 
a little ferric oxide, etc., is estimated by evaporating to dryness in 
a place protected from dust, igniting and weighing. 

7. Iron. — Precipitate with excess of ammonia, filter, weigh, and 
ignite theFegOsr 

8. Iodine is proved by a short digestion with clean zinc, which 
reduces iodic acid and generates some nitrous acid ; the latter sets 
the iodine of the HJ free, and this can now be recognised by 
shaking up with carbon bi-sulphide, which thereby assumes q, pink 
colour. 

N.B. — Tests Nos. 7 and 8 are only made with nitric acid sold as 
chemically pure. 



VIII.— POTASH MANUFACTURE. 

A.— POTASSIUM CHLORIDE. 

1. Moisture, — Heat lOgrms. gradually up to a red heat and allow 
to cool in a desiccator. 

2. Potassium* (a) In the absence of Potassium Sulphate dissolve 
lOgrms. of the well-mixed sample in a half -liter nask, fill up to 
themark and filter. Put 20c. c. of the filtrate (equal to 0*4grms.) 
into a porcelain dish and add 7c. c. of a platinum chloride solution, 
containing lOgrm. Pt. in 100c. c. Evaporate on a water bath to a 
syrup, frequently agitating, fio that most of the free HCl is driven 
off and the mass appears dry on cooling. When cool, pour 10c .c. 
of 95 per cent, spirits of wine over it, triturate well and pour off 
the liquid through a filter, previously dried for an hour at 116° C. 
and weighed, pour on some more spirits of wine (rather less than 
before), triturate again, pour off the liquid and repeat this once 
more ; now the alcohol should remain colourless'and should not give 
any reaction for chlorine, otherwise the washing would have to 
be repeated. The double chloride of potassium and platinum, 



* Tests No. 2 and 3 are essentially as described by West and Zuck- 
schwerdt, in Zeitschr. ftlr Analyt. Chem., 1881, paf?e 185 and 357. and ap- 
proved of by Professor Fresenius, and are recognised as binding for buyers 
arxA sellers at Stassfurt. * 
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which is now pure, is washed on to the filter by means of a wash 
bottle containing alcohol. The filter is dried half-an-hour at 
no-US'* and weighed. The total quantity of alcohol employed 
should be about 50c. c. Each part of KoPtCL is equal to O 30521 
KCl. 

(6) In the presence of Potassium Sulphate, — Small quantities of 
this need not be noticed, but in mixtures containing much of this 
salt it must be converted into KCl by means of barium chloride. 
Dissolve lOgrms. in a half -litre flask in about 350c. c. or 400c. c. 
water and about 25c. c. hydrochloric acid of 25' TwaddeU, heat to 
boiling and add sufficient barium chloride to precipitate all the 
sulphate. The BaCla solution employed should be almost saturated, 
ana a litre of it should contain 50c. c. aqueous hydrochloric acid. 
With a little practice it is easy to fix the point when nearly all the 

Eotassium sulphate is decomposed ; a very slight quantity remaining 
as no influence on the result, but any excess of BaCl, would 
cause an error. If this way of proceeding should seem too un- 
certain, the sulphuric acid must be estimated in the usual way, 
and the calculated quantity of barium chloride added. Now fill 
the flask to the mark, shake up and allow to settle. An error is 
caused by the volume occupied by the barium sulphate, but the 
latter carries down a certain quantity of potassium chloride more 
than compensating that error, so that the result must be corrected 
accordingly (see below). The remainder of the analysis is carried 
out as in test No. 2a ; special care must be taken to drive off all 
free HCl in evaporating, which is not quite easy when magnesia 
is present. The weight of KaPtClg found is corrected by cal- 
culating from the percentage of sulphate present, the ccm. 
of BaSO^, viz.: Ig. K7SO4 = r337g=0-3 c.c. BaSO^ ; we call 
this quantity (a). In reality we have not had 500 ccm. of solu- 
tion, but 500- a. But experience shows that a c.c. of BaSO^ carry 
down as much KCl, as was contained in 2a c.c. solution ; hence 
the result is too low and must be multiplied by 

500 -g 
500 - 2a 

ill order to indicate the real percentage. For instance, if the 
salt contains 70 per cent. KjSO^, lOg of it will furnish 7+0.3=2*1 
c.c. BaSO^, hence a=21 ; consequently the weight of KjPtCl^j 
found has to be mutliplied with 

500- 21 

600 -4 -2 ~^'^^^' 

If Na2S04 occurs in any salt it is, of course, equally necessary to 
calculate the Ba SO4 corresponding to it. 

B.— POTASSIUM SULPHATE. 
Estimate : 

1. KCl according to p 102. 

2. Free SO4H2 according p 103. 

3. Fe according p 100. 

4. Insoluble, CaO etc. just as in the case of sodium sulphate. 
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If a complete estimation of potassium is needed, employ the 
process described on the proceedmg page. 

C. Limestone (Refer to p 110). 

D. Mixing Coal (Refer to p 114). 

E. Black-ash (Refer to p 115). 

F. Tank-waste (Refer to p 116). 

G. Tank-liquor (Refer to p 117). 

H. Carbonated-liquor (Refer to p 118). 
I. Commercial Carbonate of Potash. 

1. Available Alkali is titrated with normal hydrochloric acid, 
as on p 124. 

2. Total Potassium is estimated according to p 140, so that all 
sulphate is converted into chloride. Of course, from the first more 
hydrchloric must be employed in order to decompose the car- 
bonate. 

3. Chloride, estimated by silver solution, p 102. 

4. Sulphate f estimated as BaS04, p 81. 

5. Insoluble^ as on p 124. 

6. Silicate. Saturate the salt with hydrochloric acid, evaporate 
to dryness, moisten with HCl, evaporate again, dissolve in dilute 
HCl, filter, wash and strongly ignite the Si02. This test is only 
exceptionallv made, and the potassium silicate is calculated 
togetner with the carbonate. 

7. Calculation o/ the Analyses, — Calculate : 

(a) Ka COs from the difference between the total potassium 
and that corresponding to the CI and SO, found. 

(6) Na^COa from the difference between the total available 
alkali and the KjCOj just calculated. 

(c) KCl and 

{d) K-^SO* as above. 

(e) Water and 

(/) Insoluble, respectively iron, by a special test. 
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VIII.-SPECIFIC GRAVITIES OF SOLUTIONS OF POTASSIUM 
CARBONATE AT 60"F.= 15'C. (Gerlach). 





Per cent. 

by 
weight. 
K,CO, 


Kilogr. 

per cubic 

meter. 

KoCOr, 

5*4 


lbs. per 

cubic foot. 

KjCO, 


1' 


Per cent. 

by 
weight. 
K,CO, 


Kilogr. 

per cubic 

meter. 

K,C03 


lbs. per 

cubic foot. 

KjCO. 


1 


•54 


0-34 


58 


29-02 


374*3 


23*31 


2 


1-08 


10-9 


0.68 


59 


29-46 


381*5 


23*79 


3 


1-62 


16-4 


1*02 


60 


29*91 


388-8 


24*24 


4 


2-16 


22-0 


1*37 


61 


30*34 


395*9 


24*68 


5 


2*70 


27*7 


1*73 


62 


30*77 


403*1 


25*13 


6 


3*24 


33*4 


2*08 


63 


31*21 


410*3 


25*58 


7 


3-78 


391 


2*43 


64 


31*64 


417*6 


26*04 


8 


4-32 


44*9 


2*80 


65 


32*08 


425*0 


26*50 


9 


4-86 


50*8 


3*17 


66 


32*51 


432*4 


26*96 


10 


5-40 


66*7 


3*53 


67 


32*94 


439-8 


27*42 


11 


5-94 


62-7 


3*90 


68 


33-38 


447-3 


27*89 


12 


6*48 


£8*7 


4*28 


69 


33-81 


454-8 


28*36 


13 


7-02 


74*8 


4'66 


70 


34*25 


462-4 


28*83 


14 


7*56 


80*9 


5*04 


71 


34-67 


469*9 


29-30 


15 


8*10 


87*1 


5*43 


72 


35-10 


477*4 


29-77 


16 


8*64 


93*3 


5*82 


73 


35*52 


484*9 


30*23 


17 


918 


99*6 


6*21 


74 


35*95 


492*5 


30-71 


18 


9*72 


105*9 


•6*60 


75 


36*37 


500*1 


31*18 


19 


10*26 


108*4 


6-51 


76 


36*80 


507-8 


31*66 


20 


10*80 


118-8 


7*41 


77 


37-22 


515*6 


32*15 


21 


11*31 


125*0 


7*79 


78 


37*65 


5233 


32*63 


22 


11*82 


131.2 


8*18 


79 


38*07 


531*7 


3311 


23 


12*33 


137*5 


8*57 


80 


38*50 


539*0 


33*60 


2i 


12*84 


143*8 


8*97 


81 


38*91 


546*7 


34*09 


25 


13*35 


150*2 


9*37 


82 


39*32 


554*4 


34*57 


26 


13*86 


156*6 


9*76 


83 


39-73 


562*2 


3505 


27 


14*37 


163*1 


• 10*17 


84 


40-14 


5700 


35*54 


28 


14*88 


169*6 


10*57 


85 


40-55 


577*8 


36*02 


29 


15*39 


176*2 


10-99 


86 


40*96 


585*7 


36*51 


30 


15*90 


182*8 


11*40 


87 


41*37 


593*6 


37-01 


31 


16*38 


189*2 


11*80 


88 


41*78 


601*6 


37*51 


32 


16*86 


195*6 


12*20 


89 


42*19 


609-6 


38*01 


33 


17*34 


202*0 


12*59 


90 


42*60 


617*7 


38-51 


34 


17*82 


208-5 


13*00 


91 


43*00 


625*6 


39-01 


35 


18*30 


215*0 


13*40 


92 


43-40 


633*6 


39*51 


36 


18*78 


221*6 


13*82 


93 


43*80 


641*6 


40*01 


37 


19*26 


228*2 


14*23 


94 


44*20 


649*7 


40*51 


38 


19*74 


234*9 


14*65 


95 


44-60 


657*8 


41-01 


39 


20*22 


241*7 


15*07 


96 


45*00 


666*0 


41*52 


40 


20*70 


248*4 


15*49 


97 


45*40 


674*2 


42-03 


41 


21*17 


255*2 


15*91 


98 


45*80 


682*4 


42*55 


42 


21*65 


262*0 


16*33 


99 


46-20 


690-7 


4.3-06 


43 


22*12 


268*8 


16-76 


100 


46*60 


6990 


43*58 


44 


22-60 


275*7 


17*19 


101 


46-98 


707*1 


44*09 


45 


23*07 


282*6 


17-62 


102 


47-37 


715*3 


44*61 


46 


23*55 


289*6 


18*05 


103 


47*75 


723*5 


45-11 


47 


24*02 


296*7 


18-50 


104 


4814 


731*7 


45*62 


48 


24*50 


303*8 


18*94 


105 


48*52 


740*0 


46.14 


49 


24*97 


310*9 


19*38 


106 


48-91 


748*3 


46*66 


50 


25*45 


318*1 


19*83 


107 


49*29 


756*7 


47*18 


51 


25*89 


325*0 


20*26 


108 


49-68 


765*1 


47*70 


52 


26*34 


331*9 


20-70 


109 


5>*06 


773-5 


48-22 


53 


26*78 


338*8 


21*12 


110 


50-45 


7820 


48-76 


54 


27*23 


345*8 


21.56 


111 


50*83 


790*5 


49*29 


55 


27*68 


352*8 


22*00 


112 


51*22 


799*0 


49-82 


56 


28*12 


359*9 


2?*44 


113 


51*61 


807*7 


50-36 


57 


28-57 


3671 


22*89 


114 


5200 


816-4 


50-90 
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9.-TNFLUENCE OF TEMPERATURE ON THE SPECIFIC 
GRAVITIES OF SOLUTIONS OF POTASSIUM CARBONATE. 



o*c. 


5' 


10* 


15' 


20' 25" 


30* 


35' 


40" 
1*566 


45* 
1*563 


60" 


l-.'WW 


1-586 


1*583 


1-580 


1-577 


1-574 


1*571 


1*568 


1-559 


1-577 


1-575 


1*573 


1*570 


1-568 


1*565 


1-563 


1*560 


1*557 


1-554 


1-551 


1-567 


1-565 


1*563 


1*560 


1-558 


1*555 


1-553 


1*550 


1-548 


1-545 


1-543 


1-557 


1-554 


1-552 ! 1 550 


1-548 


1*546 


1-544 


1*541 


1-538 


1-536 


1-533 


1-547 


1-544 


1*542 


1-540 


1*538 


1*536 


1-534 


1-531 


1*528 


1-526 


1-523 


1*536 


1-534 


1*532 1 1*530 


1*528 


1-526 


1-524 


1-521 


1*518 


1-515 


1-512 


1-526 


1-524 


1-522 ' 1*520 


1-518 


1*516 


1-514 


1-511 


1-508 


1-505 


1-502 


1-516 


1-514 


1-512 i 1-510 


1-508 


1-506 


1-503 


1*500 


1-498 


1-495 


1-492 


1-506 


1-504 


1*502 1 1*500 


1-498 


1*496 


1-493 


1-490 


1*488 


1-485 


1-482 


1-496 


1-494 


1*492 


1-490 


1-488 


1-486 


1-484 


1*481 


1-478 


1-475 


1-472 


1-486 


1*484 


1*482 


1-480 


1*478 


1-476 


1-474 


1*471 


1-468 


1-4C5 


1-462 


1-476 


1-474 


1-472 1 1-470 


1-468 


1*466 


1*464 


1-461 


1*458 


1-455 


1-452 


1-466 


1-464 


1-462 


1-460 


1-458 


1-456 


1*454 


1-451 


1*448 


1*445 


1-442 


1-456 


1-454 


1-452 ' 1*450 


1-448 


1-446 


1-444 


1-441 


1*438 


1-435 


1*432 


1-446 


1*444 


1*442 i 1-440 


1-438 


1-436 


1-434 


1-431 


'1*428 


1-425 


1*422 


1*436 


1*434 


1-432 1*430 


1*428 


1-426 


1-423 


1*420 


1*418 


1-414 


1*411 


1-426 


1-424 


1*422 ' 1*420 


1*418 


1-416 


1*413 


141D 


1*408 


1*404 


1-401 


1*416 


1-414 


1-412 i 1*410 


1-408 


1-406 


1*404 


1-401 


1-396 


1*395 


1-392 


1*406 


1*404 


1-402 


1-400 


1-398 


1*396 


1-394 


1-391 


1-388 


1*385 


1-382 


1*396 


1*394 


1-392 


1-390 


1-388 


1-386 


1-384 


1-381 


1-378 


1-376 


1*373 


1-386 


1-384 


1-382 


1-380 


1-378 


1-376 


1-374 


1*371 


1-368 


1*366 


1*363 


1*376 


1*374 


1-372 i 1-370 


1-368 


1-366 


1-364 


1-361 


1-358 


1*356 


1-353 


1*366 


1*364 


1-362 


1-360 


1-358 


1-356 


1*354 


1-351 


1-348 


1-346 


1-343 


1-356 


1-354 


1-352 


1*350 


1*348 


1-346 


1*344 


1-341 


1*338 


1-336 


1-333 


1*346 1 1-344 


1-342 


1*340 


1-338 


1-336 


1*334 


1*331 


1*328 


1-326 


1*323 


1*336 1-334 


1-332 


1-330 


1-328 


1-326 


1*324 


1*321 


1*318 


1*316 


1-313 


1*326 


1*324 


1-322 


1-320 


1*318 


1-316 


1-314 


1*311 


1-308 


1-306 


1-303 


1*316 


1-314 


1-312 


1-310 


1-308 


1-306 


1-303 


1*300 


1*298 


1-295 


1-292 


1-306 


1*304 


1.302 


1*300 


1-298 


1-296 


1-293 


1-290 


1*288 


1-285 


1-282 


1*296 


1-294 


1-292 


1*290 


1-288 


1*286 


l-i83 


1-280 


1*278 


1-275 


1*273 


1-286 


1-284 


1*282 


1*280 


1-278 


1-276 


1-273 


1-270 


1*268 


1-265 


1-263 


1*276 


1-274 


1-272 


1*270 


1-2U8 


1-265 


1-263 


1*260 


1-257 


1-255 


1-252 


1*266 


1*264 


1-262 


1-260 


1-258 


1*255 


1-253 


1*250 


1-247 


1-245 


1*242 


1*256 


1*254 


1-252 


1*250 


1-248 


1-246 


1*243 


1-240 


1-238 


1-235 


1*232 


1*246 


1-244 


1-242 


1-240 


1-238 


1-236 


1*233 


1-230 


1*228 


1-225 


1*222 


1*236 


1-234 


1-232 


1-230 


1*2-28 


1-226 


1*224 


1-2*22 


1*219 


1-217 


1*214 


1*226 


1-224 


1-222 


1-220 


1*218 


1-216 


1*214 


1-212 


1*209 


1-207 


1*204 


1*216 1*214 


1-212 


1*210 


1*208 


1-206 


1*204 


1*202 


1-199 


1-197 


1-194 


1*206 1*204 


1-202 


1*200 


1-198 


1-196 


1*194 


1*192 


1-189 


1*187 


1*184 


1*196 1*194 


1-192 


1*190 


1-188 


1-186 


1*184 


1-182 


1-179 


1*177 


1174 


1*186 


1*184 


1*182 


1*180 


1*178 


1-176 


1-174 


1-172 


1*170 


1*167 


1164 


1*175 


1*173 


1*171 


1*170 


1*168 


1-166 


1-164 


1-162 


Vim 


1*157 


1*155 


1*165 


1*163 


1161 


1*160 


1-158 


1-156 


1-154 


1-152 


1-150 


1-147 


1*145 


1*155 


1-153 


1151 


1-150 


1-148 


1-146 


1-144 


1-142 


1-140 


1-137 


1-135 


1*144 


1-143 


1-141 


1*140 


1-138 


1-136 


1-134 


1-132 


1-130 


1-127 


1-125 


1-133 1132 


1-131 


1*130 


1-128 


1-126 


1-124 


1-122 


1-120 


1-117 


1114 


1123 


1122 


1*121 


1-120 
1-110 


1-118 


1-116 


1*114 


1*112 


1-110 


1-107 


1-104 


1113 


1-112 


1*111 


1-108 


1-106 


1*104 


1102 


l-lOO 


1*097 


1-094 


1103 


1*102 


1*101 


1-100 


1-098 


1-096 


1-094 


1*092 


1-090 


1-087 


1-084 


1-093 


1-092 


1001 


1-090 


1-089 


1087 


1*066 


1*083 


1-081 


1*079 


1-077 


1*083 


1-082 


1081 


1-080 


1-079 


1*077 


1*076 


1-073 


1*071 


1-069 


1-067 


1*073 


1-072 


1*071 


1070 


1-069 


1067 


1*066 


1064 


1-062 


1-060 


1-058 


1-063 


1-062 


1-061 


1-060 


1059 


1*057 


1-056 


1-054 


1052 


1-050 


1*048 


1053 


1-052 


1*051 


1-050 


1-049 


1*047 


1-046 


1-044 


1-042 


1-040 


1-038 


1043 


1-042 


1-041 


1-040 


1-039 


1*037 


1-036 


1-034 


1-032 


1-030 


1-0-28 


1-033 1*032 1-031 


1-030 


1-028 


1027 


1025 


1-0-24 


1-022 


1*020 


1-018 


1-023 ' 1-022 , 1021 


1-020 


1-018 1 1-017 1 


lOlo 


1-014 


1*012 


1010 


1-008 


1-013 1-012 1 1011 


1-010 1008 roo: 


1-005 


1-004 


1*002 


1-000 


0-9U8 
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9.— INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
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Continued, 



Sd' 


60* 


65' 


70" 


75" 


80' 


85' 


90° 


95' 


100* 


1-556 


1*553 


1*550 


1-646 


1-542 


1-538 


1-534 


1-530 


1-526 


1-521 


1-518 


1-545 


1-541 


1-537 


1-533 


1-530 


1-626 


1-522 


1-518 


1-513 


1-539 


1*536 


1*532 


1-528 


1-525 


1-522 


1-517 


1-513 


1-509 


1-505 


1-530 


1*527 


1-524 


1-521 


1*518 


1-513 


1-509 


1-504 


1-601 


1-498 


1-520 


1*517 


1-514 


1-511 


1*508 


1-504 


1-500 


1*497 


1-494 


1-490 


1-509 


1-507 


1*504 


1-500 


1*497 


1*494 


1-491 


1*488 


1*485 


1-481 


1-499 


1*497 


1-494 


1-490 


1-487 


1-484 


1-481 


1*478 


1-475 


1-471 


1-489 


1*487 


1-484 


1-480 


1-477 


1-474 


1-471 


1-468 


1-465 


1-461 


1-479 


1*476 


1-474 


1-470 


1*467 


1-464 


1-461 


1458 


1-455 


1-451 


1-469 


1*466 


1-464 


1-460 


1-457 


1-454 


1-450 


1*447 


1-444 


1-441 


1-459 


1*456 


1-454 


1-450 


1-447 


1-444 


1*440 


1*437 


1-434 


1-431 


1-449 


1*446 


1*444 


1-440 


1-437 


1-434 


1-431 


1-428 


1-424 


1-421 


1-439 


1*436 


1-434 


1-430 


1-427 


1-424 


1-421 


1*418 


1-414 


1-411 


1-429 


1*426 


1*423 


1-420 


1*417 


1-414 


1*410 


1-408 


1-405 


1-402 


1*419 


1-416 


1*413 


1-410 


1-407 


1-404 


1*400 


1*398 


1-396 


1-392 


1-409 


1-406 


1-404 


1-401 


1-398 


1*395 


1*391 


1-388 


1-385 


1-382 


1-399 


1*396 


1*394 


1-391 


1-388 


1-385 


1-381 


1*378 


1-375 


1-372 


1-390 


1*387 


1-384 


1-380 


1-377 


1-374 


1*371 


1*368 


1-365 


1-362 


1-380 


1*377 


1*374 


1370 


1-367 


1-364 


1*361 


1*358 


1-355 


1-352 


1-370 


1-367 


1-361 


1-361 


1-358 


1-355 


1*351 


1*348 


1-345 


1342 


1-360 


1-357 


1*354 


1-351 


1-348 


1-345 


1*341 


1-338 


1-335 


1-332 


1-350 


1-347 


1-344 


1-341 


1-338 


1-335 


1*332 


1*329 


1-326 


1-323 


1-340 


1-337 


1*334 


1*331 


1-328 


1-325 


1-322 


1*319 


1-316 


1-313 


1-330 


1-327 


1*324 


1-321 


1-318 


1-315 


1-312 


1*309 


1-306 


1-303 


1-320 


1*317 


1*314 


1-311 


1-308 


1-305 


1*302 


1-299 


1-296 


1-293 


1-310 


1-307 


1*304 


1-301 


1-298 


1-295 


1-292 


1*289 


1-286 


1-284 


1-300 


1-297 


1-294 


1-291 


1-288 


1-285 


1*282 


1*279 


1-276 


1-274 


1-290 


1-287 


1-284 


1-281 


1*278 


1*276 


1*273 


1-270 


1-267 


1-264 


1*280 


1-277 


1*274 


1-271 


1-268 


1-266 


1*263 


1-260 


1*257 


1-254 


1-270 


1*267 


1*264 


1-261 


1-258 


1*256 


1-253 


1-250 


1-247 


1-244 


1-260 


1*257 


1*254 


1-251 


1-248 


1-246 


1-243 


1-240 


1*237 


1-234 


1*250 


1*247 


1-244 


1-242 


1-239 


1-236 


1-234 


1-231 


1-228 


1-225 


1*240 


1*237 


1*234 


1-232 


l-2i9 


1-226 


1-224 


1-221 


1-218 


1-215 


1-230 


1-227 


1-224 


1-221 


1-218 


1-216 


1-213 


1-210 


1*208 


1-205 


1-2*20 


1-217 


1-214 


1-211 


1-208 


1-206 


1-203 


1-200 


1*198 


1195 


1-212 


1-209 


1-205 1*202 


1*198 


1*196 


1-194 


1*192 1-188 


1-186 


1-202 


1-199 


1*196 1-193 


1*190 


1*187 


1-184 


1*182 1-178 


1-176 


1-192 


1*189 


1-186 1 1183 


1*180 


1*178 


1-175 


1-172 


1*169 


1-167 


1*182 


1-179 


1-176 ' 1-173 


1-171 


1-168 


1165 


1*162 


1*159 


1-157 


1-172 


1*169 


1-160 , 1*164 


1-161 


1-158 


1-155 


1*152 


1*149 


1-146 


1-162 


1-159 


1-156 ' 1*154 


1-151 


1*148 


1-145 


1-142 


1*139 


1-136 


1-152 


1-150 


1-147 1 144 


1-141 


1*138 


1-135 


1-132 


1*129 


1-126 


1-142 


1-140 


1137 1 1'134 


1-iai 


1*128 


1-125 


1*122 


1119 


1-116 


1-132 


1-130 


1-128 1-125 


1-122 


1*118 


1-115 


1-112 


1*109 


1-106 


1-122 


1*120 


1-118 1*115 


1*112 


1*108 


1-105 


1102 


1-099 


1-096 


1-112 


1110 


1-108 1-105 


1-102 


1-098 


1-095 


1-092 


1-089 


1-086 


1-102 


1*100 


1098 1*095 


1-092 


1088 


1-085 


1*082 


1-078 


1-076 


1-092 


1-090 


1-087 1*084 


1-082 


1*079 


1-075 


1-072 


1-069 


1-067 


1-082 


1-080 


1*077 1074 


1-072 


1-069 


1-065 


1-062 


1-059 


1-057 


1-074 


1071 


1*068 1*065 


1-063 


1*060 


1-057 


1-054 


1*050 


1-048 


1-066 


1*062 


1*059 1*056 


1054 


1*051 


1-048 


1-045 


1*041 


1*038 


1-056 


1*053 


1-050 1 1-047 


1-045 


1-042 


1-039 


1-036 


1-032 


1-029 


1-046 


1*044 


1-041 ' 1*038 


1-036 


1033 


1*030 


1-026 


1023 


1020 


1-036 


1-033 


1-031 1 


1028 


1-025 


1-022 


1-019 


1-016 


1-013 


1-010 


1*026 


1-023 


1-021 


1-018 


1015 


1*012 


1*009 


1-006 


1-003 


1-000 


1-016 


1*0U 


1012 


1-009 


1-006 


1-C02 


0-999 


0-996 


0-993 


0-990 


1-007 


1-004 


1-002 


0-999 


0-996 


0*993 


0-990 


0-987 


0-984 


0-981 


0-996 


0-994 


0-992 


0-989 


0-986 


0-983 


0-980 


0-977 


0-974 


0-971 



IX.-AMMON1A MANUFACTURE. 
A. -GAS LIQUOR. 



This liqnor generally contains the ammonia principaUy in the 
state of carbonate and sulphide, which can be driven off by mere- 
boiling, without employing lime or alkali, and which arc indicated 
n . 1... I!... ....t__i .__.-__ ..._T....f_ ■. I There is, however. 



the state of solta 

boiling, and not indicated by 

These are the chloride, aulpho- 

ilphate, feiTOcyanide {fi^eed 

tntioned here. 

For technical purposes it is sufBcient to make the following 

1. Volatile Ammonia. — Dilule20ccm. of ^as-liquorwithlOOccni- 
water, odd SOccm.of normalhy droch] one acid, und boil till alt COj 
and Hg g is expelled. Retrltrate with semi-normal alkali, employ- 
ing the ordinary iodicatoiB. If the litjuor is too mnch colonred to 
perceive the change of the indicator, dilute it with water or employ 
litmus paper. This process always admits of much greater accu- 
racy than titrating the liquor directly with standard acid. Each 
ccm. of the latter corresponds to OOlTg. NHj, or to 0-085 parts 
NH, by weight in 100 vols, of gas liquor ; or to 04216 ounces of 
rectified oil of vitriol {at d3 per cent. SU4 Uj) per gallon of gas- 



2. Total A}nmcm.ia.—Pnt 20ccra. of gas-iioDor, with about as 
much water, into the flask A fig. 10. and charge the receivers B 
and C with 30ccm. of normal hydrochloric acid previously diluted 
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to twice its volume. The greater portion of this mixture should be 
contained in the U-tube B. Make the connection and run an excess 
of milk of lime into A through the pinch-cock funnel a. Apply 
heat and keep up a gentle distillation for one or two hours, when 
all NH3 will be ariveu off and absorbed in B and C. Unite the 
contents of these vessels and retitrate with semi-normal caustic 

soda. If a ccm. of this are used, 30-0 indicates the ccm. of test 

acid, corresponding to the total ammonia 'and calculated as in test 
No. 1. 

3. Total Sulphur. — Add bromine water to lOOccm. of liquid till 
the colour and smell of bromine are distinctly perceived, acidulate 
with pnre HCl, boU till all bromine has been expelled, filter if 
necessary, neutralize the solution almost but not quite with pure 
sodium carbonate and precipitate the SO4 Ha formed with Ba CI2 
proceeding as described p. 82. 

Sometimes it may be desirable to deduct from the total sulphur 
that originally present in the gas-liquor as sulphate, which is esti- 
mated by boiling the unoxidized gas-liquor with HCl and proceed- 
ing as above. 

4. Sulphocyanide* — Evaporate 50ccm. of gas-liquor to dryness, 
heat the residue at 100*" C. for 3 or 4 hours, digest it with strong 
alcohol, filter, wash on the filter with alcohol, evaporate all the 
alcoholic solutions to dr^^ness, dissolve in water, filter from any 
residue,add a mixed solution of sulphurous acid andcupric sulphate 
and heat. gently, when cuprous sulphocyanide will be precipitated. 
Wash the precipitate into a flask, dissolve it in nitric acid, boil for 
some time, and precipitate the Cu as CuO by NaOH. The weight 
of CuO X 0*96= the equivalent amount of Nfl4 CNS. 

B.— SULPHATE OF AMMONIA. 

1. Estimation of Ammonia. — The average sample, carefully 
drawn, is well ground up, passed completely through a sieve with 
10 holes to •the running men, and a smaller sample is taken out of 
this. Weigh 1 7 gnus, of the latter sample in a stoppered tube, dissolve 
and dilute it to 500ccm. and place 50ccm. of tne solution without 
filtration into the apparatus fig. 10 (p. 144). The test is carried 

out exactly as in A No. 2. Each ccm. of the quantity 30 - 2 i^ 

=0'017g. NHs or -1*0 per cent. 

2. Sulphocyanide, — Refer to A No. 4. 



* Dyson, Journal Soc. Chem. Industry, 1883, p. 231. 

L 
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C— TABLES. 

1.— SPECIFIC GRAVITIES OF LIQUOR AMMONLE. AT 11"C. 

(Carius.) 



Specific 
Gravity. 


Per cent. 
NH,. 


Specific 
Gravity. 


i. 


Specific 
Gravity. 


*5 

a . 

© n 


0-8844 


36*0 


0-8976 


30 


0*9133 


24-0 


0*8848 


35*8 


0-8981 


298 


0-9139 


23-8 


08852 


356 


0-8986 


29-6 


0*9145 


23-6 


0-8856 


35-4 


0-8991 


29-4 


0-9150 


23*4 


0*8860 


35*2 


0-8996 


29*2 


09156 


23-2 


0-8864 


350 


0-9001 


290 


0-9162 


23*0 


0-8868 


34*8 


0-9006 


28*8 


0-9168 


22-8 


0*8872 


34*6 


0*9011 


28*6 


09174 


22-6 


0*8877 


34-4 


0*9016 


28*4 


0-9180 


22*4 


0*8881 


34*2 


0-9021 


28*2 


0-9185 


22*2 


0-8885 


34-0 


0-9026 


28-0 


0-9191 


22-0 


0-8889 


33-8 


0-9031 


27-8 


0-9197 


21-8 


0-8894 


33-6 


0-9036 


27*6 


0-9203 


21-6 


0-8898 


33*4 


0-9041 


27-4 


0-9209 


21-4 


O8903 


33-2 


09047 


27-2 


0-9215 


21*2 


0*8907 


33-0 


0-9052 


27-0 


0*9221 


21*0 


0-8911 


32*8 


0-9057 


26-8 


0-9227 


20*8 


0-8916 


32*6 i 


0-9063 


26-6 


0-9233 


- 20-6 


0-8920 


32*4 


0-9068 


26-4 


0-9239 


20-4 


0-8925 


32*2 


0-9073 


26-2 


0-9245 


20-2 


0-8929 


32-0 


0*9078 


26-0 


0-9251 


20-0 


0-8934 


31-8 


0-9083 


25*8 


0-9257 


19*8 


0*8938 


31-6 


0-9089 


25*6 


0*9264 


19-6 


0*8913 


31-4 


1 0-9094 

1 


25-4 


0*9271 


19-4 


3*8948 


31*2 


0*9100 


25-2 


0*9277 


19*2 


0-8953 


310 


0-9106 


25-0 


0*9283 


19-0 


- 0*8957 


30*8 


0-9111 


24-8 


0-9289 


18-8 


0*8962 


30-6 


0*9116 


24-6 


0*9296 


18-6 


0*8967 


30*4 


0*9122 


24-4 


0-6302 


18-4 


0*8971 


30-2 


0-9127 


24-2 


0-9308 


18*2 
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C— TABLES. 

l.-SPECIFIC GRAVITIES OF LIQUOR AMMONLE, AT 14'C. 

(Carius.)— Continued. 



Specific 
Gravicy. 


Per cent. 
NH,. 


Specific 
Gravity. 


Per cent. 
NH«. 


Specific 
Gravity. 




0*9314 


18-0 


0-9520 


12-0 


0*9749 


6t) 


0-9321 


17-8 1 


0*9527 


11*8 


0*9756 


5-8 


0-9327 


17-6 

1 


0-9534 


11*6 


09765 


5-6 


0-9333 


17-4 


0*9542 


11-4 


0-9773 


5-4 


0-9340 


17-2 

1 


0*9549 


11-2 


0-9781 


5*2 


0-9347 


1 

17-0 


0-9559 


11-0 


0*9790 


5-0 


0-9353 


16-8 


0-9563 


10-8 


0-9799 


4*8 


0-9360 


16-6 


0-9571 


10-6 


0^807 


4*6 


0-9306 


16-4 


0-9578 


10*4 


0*9815 


4-4 


0-9373 


16-2 


0-9586 


10-2 


0*9823 


4*2 


0-9380 


16-0 


0-9593 


10-0 


0-9831 


40 


0-9386 


15-8 


0-9601 


9*8 


0-9839 


3-8 


0-9393 


15-6 


0*9608 


9-6 


0-9847 


3-6 


0-9400 


154 


0*9616 


9-4 


0-9855 


3-4 


0-9407 


15-2 


0-9623 


9*2 


0-9863 


3-2 


0-9414 


15-0 


0-9631 


9*0 


0-9873 


30 


0-9420 


14-8 


0*9639 


8*8 


0-9882 


2*8 


0-9427 


14-6 


0*9647 


8*6 


0-9890 


2-6 


0*9434 


14-4 


0-9654 


8*4 


0-9899 


2-4 


0-9441 


14-2 


0-9662 


8*2 


0-9907 


2*2 


0*9449 


14-0 


0-9670 


80 


0-9915 


2-0 


0-9155 


13-8 


0-9677 


7-8 


10-9924 


1-8 


0-9463 


13-6 


0-9685 


7-6 


0-9932 


1*6 


0-9470 


13-4 


0-9693 


7-4 


0-9941 


1-4 


0-9477 


13-2 


0-9701 


7-2 


0-9950 


1*2 


0-9484 


130 


0-9709 


7*0 ! 


0-9959 


10 


0-9491 


12-8 


0-9717 


6*8 


0-9967 


0*8 


0*9496 


12*6 


0-9725 


9-6 


0-9975 


0*6 


0-9505 


12-4 


0-9733 


6*4 


0*9983 


0*4 


0-9512 

• 


12-2 


0*9741 


6*2 


0-9991 


0-2 



L2 
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2.- SPECIFIC GRAVITIES OF SOLUTIONS OF COMMERCIAL 
AMMONIUM CARBONATE, AT 15*C. 



Deg. 

Twad- 

dell. 


beg. 
Banmd. 


Spec. Gravity 
at 15% 


Per cent. 

Commercial 

Ammonium 

Carbonate. 


Change of 
Spec. Gravity 

for + rc. 


1 


0-6 


1-005 


1-66 


0-0002 > 


2 


1-4 


1-010 


3-18 


0-0002 


3 


2-1 


1*015 


4-60 


0-0003 


i 


2*7 


1-020 


6-04 


00005 


5 


3*4 


1-025 


7-49 


0-0003 


6 


41 


1-03O 


8-93 


0-0004 


7 


4-7 


1-035 


10-35 


0-0004 


8 


5*4 


1-040 


11-86 


0-0004 


9 


6*0 


1-045 


13-36 


0-0005 


10 


6-7 


1-050 


14-83 


00005 


11 


7-4 


- 1-055 


16-16 


0-0005. 


12 


8-0 


1-060 


17-70 


00005 


13 


8*7 


1-065 


19-18 


00005 


14 


9-4 


1-070 


2070 


0-0005 


15 


10 


1-075 


22-25 


0-OOOft 


16 


10-6 


1-080 


23-78 


00006 


17 


11-2 


1085 


25-31 


0-0007 


18 


11-9 


1-090 


26-82 


0-0007 


19 


12-4 


1-095 


28-33 


0-0007 


20 


13-0 


1-100 


29-93 


0-0007 


21 


13-6 


1-105 


31-77 


0-0007 


22 


14-2 


1-110 


33-45 


00007 


23 


14-9 


1-115 


35-08 


0-0007 


24 


15-4 


1-120 


36-88 


0*0007 


25 


16-0 


1-125 


38-71 


0-0007 


26 


16-5 


1130 


40-34 


0-0007 


27 


17-1 


1-135 


42-20 


0-0007 


28 


17-8 


1140 


44-29 


0-0007 


29 


17-9 


1-1414 


44-90 


0-0007 
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APPENDIX. 
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A.— PREPARATION OF STANDARD SOLUTIONS. 

INTRODUCTORY. 

The analytical methods given in the foregoing pages are based 
«ipon the metric system of weights and measures. As there are 
«till some laboratories using the English system, the following re- 
marks, intended to facilitate the change of the prescriptions from 
the metric to the English system, may prove useful. 

The unit of weight of the English system is the grain. All 
normal solutions are prepared so that 1000 grains by volume (100 
decems) contain one equivalent of the reagent in grains, and conse- 
quently all normal solutions prepared on the English system are 
identical in concentration with those prepared on the metric system. 

English burettes usually hold 1000 grains, and are divided into 
100 parts of 10 grains each, called one decem. The decem cor- 
responds to the cub. centimeter. As however this unit, the decem, 
is ten times the unit of weight, the following rules must be observed 
when any of the prescriptions are to be changed from the metric 
to the English system. 

Instead of Liter read 10,000 grains. 

,, Cub. centimeter read decem or 10 times the number 

of grains. 
,, Grams read 10 times the number of grains. 

If, for instance, we are told to prepare a standard solution of per- 
manganate by dissolving 15 '820 grams of pota.ssium permanganate in 
one uter of water, and that one cub. centimeter of such a solution 
indicates 0*028 grams of iron, we shall obtain a solution of equal 
strength by dissolving 158*20 grains in 10^000 grains of water, and 
one decem of this solution will indicate 0*28 grains of metallic iron. 
No errors can possibl^r occur if the reader will always substitute 
.ten times as many grains for any number of grams, ten times as 
many grains, or an equal number of decems for any number of 
cubic centimeters, and 10,000 grains for every liter. Where we 
are dii-ected to measure out by means of a pipette 50cc, we take 
^00 grains instead, etc., but when speaking of the number of cubic 



150 

centimeters on the burette we substitute exactly the same number 
of decerns. 

It will also be useful to remember that 

grams, per liter = grains per 1000 grains. 

— ounces per 1000 ounces, 
grams, per liter : 16 — ouncespercub. feet (approximately ) 

= lbs. per cub. foot 
70 X grames. per liter = grains per 70,000 grains. 

= grains per gallon 
kilograms, per cub. meter = lbs. per 10(X) lbs. 

= lbs. per 16 cub. feet. 

kilograms per cub. meter „ , - , 
s-TT^ = lbs. per cub. foot. 



1. NORMAL ACID AND ALKALI. 

As foundation of Alkalimetry and Acidimetry we employ 
chemically pure sodium carbonate. This is tested for purity by 
dissolving 5g. in water, which ought to yield a completely clear, 
colourless solution ; if, after supersaturating this solution with 
nitric acid, no opalescence is caused by barium chloride, or silver 
nitrate, the salt may be taken as sufficiently pure. Before using 
it, the sodium carbonate must be ignited in a platinum crucible 
at least for ten minutes, so far that the bottom of the crucible 
becomes red-hot, but that no fritting takes place ; the crucible is 
allowed to cool in the exsiccator and out of it several portions of 
about 1 or 2g. each are weighed directly one after another, to serve for 
standardizing the normal acid. The balance ought to turn at least 
with 0'5 milligram. 

As normal acid, we prefer hydro-chloric acidf which has the 
following advantages over sulphuric and oxalic acid, viz. : — Ist. it 
is more generally applicable, e.g. also for alkaline earths ; 2nd. its 
standard, first taken bv pure sodium carbonate, can be most 
accurately checked by silver nitrate, far more accurately than that 
of sulphuric acid by barium chloride ; 3rd. it does not change in. 
the course of time hke oxalic acid. 

Normal HCl is prepared as follows. Dilute pure hydro-chloric 
acid to 1*020 spec, gravity (4* Tw.) Such an acid will be rather 
too strong. Fill a burette with this acid and titrate with it one of 
the weigned samples of sodium carbonate spoken of above, the 
weight of which is w grams. Suppose that x ccm. of this acid had 
been consumed. As tne acid is sure to be too strong, x will always 

be smaller than — - and we shall have to add to every x cub. 

053 ^ 

cent, of the acid~-Y- — x. cub. cent, of water, and if the tota 

053 
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quantity of acid of spec, jrravity, 1*020 measures V cub. cent., the 
amount of water to be added thereto to render it correct will 

be n cub. centimeters, where n=V ( q.q.q — 1. j 

If accurate normal alkali is on hand, it may be employed by a 
completely analogous process for examining the provisional acid, 
' reducing it to the normal strength. 

In any case the mixed normal acid must be checked by titrating 
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new samples of sodium carbonate, when x ought to = q.q^o » A 

further check is afforded by estimating the chlorine by silver 
nitrate ; lOccm. (=0-365g HCl) ought to yield l-435g Ag CI. 

The ordinary indicator in alkalimetry an^ acidimetry is tincture 
of litmus, which must be kept in open vessels, to avoid its being 
spoiled. When employing htmus, the liquid to be tested must be 
kept boiling for some time, in order to expel all CO2 ; and 
normal acid must be added as long as on further boiling the colour 
changes back from red to purple, or blue. A test with litmus 
rarely lasts less than half-an-hour, usually more. On the other 
hand, a test is finished in a few minutes, if litmus is replaced by a 
very dilute solution of methyl-orange (sulphobenzene-azo-dimethyl- 
aniline) ; but in this case the liquids must never be hot, but of the 
ordinary temperature, and none but mineral acids, but no oxalic 
acid may be employed. The cold solution of sodium carbonate is 
coloured just perceptibly yellow by adding a drop or two of the 
solution of methyl-orange, preferably by means of a pipette ; if 
the colour is too intense, it will cause the transition mto red on 
neutralization to be less sharp. CO2* does not in the least act 
upon methyl-orange ; only when all Nai CO3 has been decomposed, 
and a minimal excess of HCl is present, the yellow changes 
suddenly and sharply into pink. Hence the rule is to run in the 
normal acid quickly with constant agitation till the change of 
colour has taken place. The opposite cnange of colour from pink 
to faint yellow is just as sharp when titrating mineral acids with 
sodium hydrate or carbonate. The results are identical with 
those obtained by litmus, but they are obtained very much more 
quickly, and without heating the liquids. H2 S affects methyl- 
orange as little as CO2, whence that indicator can be employed for 
directly titrating tank liquor and the like. In some cases methyl- 
orange fails to yield good results, from causes not yet ascertained, 
e.g. in chimney testing, but it can be employed in nearly all other 
cases. 

Some laboratories prepare their standard acid twice as strong as 
the above, which naturally affects all the calculations given in this 
book. The object of this is to show the change of colour more 
clearly than with normal acid, but this is hardly necessary for 
methyl-orange. 

The normal alkali^ when intended to be used with litmus, should 
be as free as possible from carbonate, and should be constantly 
protected against absorption of CO2 from the air, because other- 
wise the change of colour does not take place sufficiently rapi*^ 
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and marked in cold liqnors. A solntion of sodinm hydrate 
entirely free from carbonate is difficult to prepare and to preserve 
when in constant nse. When employing methyl-orange as an 
indicator, an ordinary canstic soda solution may he employed 
Avithont any special precautions, or it may even be replaced by a 
solution of 53g pure sodium carbonate in 1 lit. water, which is 
employed cold, and which yields as accurate results as NaOH,- 
no notice being taken of the CO2 escaping with effervescence. 
The general use of this liquid is, however, inconvenient on account 
of die efflorescences on the burettes, bottle necks, etc. 

All standard liquors ought to be prepared and employed as 
nearlv as possible at the same temperature e.g. \S*C, If a correc- 
tion be necessary, the table of the volumes of water at different 
tenq>eratures (No. 22, p. 43) is sufficiently accurate for all practical 
purposes, for these dilute liquids as well. When they have stood 
for some, time in bottles, a little water is evaporated and recon* 
densed in the upper part of the bottles ; the proper mixture must 
then be re-estabBshed by shaking up the contents. 

Semi-normal ammonia serves for estimating the CO2 of bicarbo- 
nates (p. 1 18) ; but it can also be employed for general iJkalimetrical 
purposes in lieu of sodium hydrate. Pure liquor ammonise of com- 
merce, which docs not produce any^ opalescence on adding barium 
chloride, is diluted to specific gravity 0'995 ; it is then tested with 
normal HCI, and diluted so far that it agrees with semi-normal 
acid, when it contains 8,500g. NH3 per litre. It keeps unchanged 
for some time in well-stoppered bottles, but must be frequently 
checked by titrating. Decinormai ammonia keeps almost constant 
in tightly -stoppered bottles. 



2. POTASSIUM PERMANGANATE. 

The ordinary solution is semi-normal, i.e., it ^elds 0*004g. 
oxygen per com. It serves, e.g., for estimating mtrous acid in 
vitriol, for testing the nitrogen acids in the chamber exits, for 
testing manganese ore, for testing Weldon mud, etc. 

Since iron only occurs in very slight quantity in the products of 
alkali manufacture, it is best estimated by means of a tenth or 
twentieth normal solution made from the semi-normal solution by 
dilution, and indicating 0*0056, resp. 0*0028g. Fe. pe ccm. 

The solution is made by dissolving pure, crystalUsed potassium 
permanganate, and is then completely stable, if protected fi*om 
dust and direct sunlight. Still, its titre must be checked in any 
case ; all the more, as the article sold as '* chemically pure " is 
usually not free from foreign salts. Of absolutely pure perman- 
ganate a quantity of 15 '82%. per liter would be required for a 
semi-normal solution. This quantity is dissolved for the first time, 
the check-test to be described now shows how much more salt must 
be added to bring the solution up to the standard, and this 
indicates the proper quantity for future preparations of test liquor 
from the same stock of solid permanganate. 
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The standardiBing is effected by means of the finest softest iron 
>vire, so-called "iiower wire,"* which is preferable to oxalic acid, 
since the latter is not easily obtained at the theoretical percentage 
of water, whilst the uncertainty about the composition of the finest 
iron wire does not exceed 0*1 per cent. No sensible fault will be 
committed for all analytical purposes if the wire is assumed = 99*6 
per cent. Fe. Before weighing it is passed through emery paper, 
to remove any traces of rust. Weigh out 0*5622g. wire (= 0'5600g. 
Fe. ; if the length is noticed, it is afterwards easy to hit the proper 
quantity almost at once) ; put it into a flask provided with an 
india-rubber valve (Fig. 9, p. 108), dissolve in dilute sulphuric acid 
by heating, allow to cool, and add permanganate solution from a 
burette till a faint but distinct pink colour has been produced, 
which lasts at least half a minute. The above quantity of iron 
ought to take exactly 20*00 ccm. permanganate. If this is not the 
case, a factor for correcting the difference is employed, or preferably 
the test liquor itself is corrected by adding the requisite quantity 
of solid permanganate. Suppose we have not used 20, but x ccm. 

15*82x 
of liquor, then we must in future employ —^ — grains of solid 

permanganate per liter, in order to produce an exactly semi-normal 
solution. Of course its titre must be checked again. 

Permanganate is best employed in a burette with a lateral 
hollow glass-tap. Any change in its titre (from dust, etc. ) is per- 
ceptible by a deposition of Mn02 in the bottle. It is advisable to 
check the standard once every three months. 

Permanganate can be used with perfect accuracy in the presence 
of free hydrochloric acid, if the liquids contain a considerable 

Quantity of manganese salts ; in other cases the same effect is pro- 
uced by adding, say Igrm. of manganese sulphate free from iron. 



3.— IODINE SOLUTION. 

Weigh exactly I2'7g. of pure re-sublimed iodine (either bought 
as such or prepared by grinding up common iodine with 10 per 
cent, of potassium iodine and re-subliming) on a balance turning 
at least with 5mg ; put it into a liter-flask already containing a 
concentrated solution of 15 to 18g KI, close the flask, agitate till 
the iodine is completely dissolved, and fill up to the mark. This 
deci-normal solution is checked by the arsenite solution (No. 4). 
Both solutions ought to be precisely equivalent, ccm per ccm. 
^ For estimating very slight quantities of sodium sulphate some- 
times a special iodine solution is made, by dissolving 3'256g of 
pure iodine with 5g of potassium iodine in a liter, to indicate 
O'OOlg NaaS per ccm. 

Solutions of iodine, especially the more dilute ones, keep a long 
time in well-stoppered bottles in a cool ^lace, but they ought to 
be checked once a month by arsenite solutions. 

^ The steel pianoforte-wire, which contains more and irregular quan- 
tities of carbon. The olijections made to its use by Blodgett Britton do 
not apply to flower-wire. 
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Preparation of the Starch Solution, — Grind up 3g potato-starch 
ivith a little water to a homogeneous paste ; introduce tnis gradually 
into 300g of boiling water, contained in a porcelain dish, and con- 
tinue the boiling till an almost clear liquid has been produced. 
Allow this to settle in a tall beaker, pour tlie clear portion through 
a filter, and saturate it with common salt. This solution, when 
kept in a cool place, is stable for some time ; as soon as fungus- 
vegetations are noticed in it, it is thrown away. 

Very convenient is the soluble starch made by the process of 
Zulkowsky, by heating 100 parts of concentrated glycerine with 6 
parts of starch to IdO^'C for about an hour, pouring into water and 
precipitating the soluble starch with alcohol and .filtering. This is> 
Kept in the state of a thick paste, not to be allowed to dry, and 
each time a small quantity is taken out by means of a glass rod. 

4.— SODIUM ARSENITE SOLUTION. 

' This serves for standardizing the iodine solution, and as its 
volumetrical complement especially in bleaching-powder testing. 
Employ commercial pure powdered arsenious acid ; test its purity 
by subliming a little from a small capsule into a watch-glass, 
when there ought not to appear at first a yellow sublimate of 
AS2S3 (which volatilises more easily than AsgOs) ; on heating^ 
more strongly it should leave no residue. Before using it the 
po\vder of AS2O3 is kept for some time over sulphuric acid in a 
desiccator, and can then be weighed out without any special pre- 
cautions, since it is not hygroscopical. For preparing a oeci- 
normal solution weigh out exactly 4*950g As^jOa, Doil it with lOg of 
pure sodium bicarbonate and 200g water till completely dissolved, 
add another lOg bicarbonate and dilute on cooling to 1,000 ccm. 
This solution is altogether stable, and equivalent with 0'00355g. 
CI or 00127g. I per ccm. 

If really pure and dry arsenious acid has been employed, the 
above solution will be correct at once. But when preparing larger 
quantities of it, it ought to be checked by grinding up 0'5g. iodine 
Avith O'lg. KI., heating this mixture in a small capsule on a sand- 
bath or upon asbestos-board till abundant vapours arise, covering^ 
with a dry watch-glass, allowing the major portion, but not the 
whole, of the iodine to sublime into the watch-glass, covering this 
with a second watch-glass which fits air-tight upon the former, 
and has been tared with it, and weighing. Slip the watch-glasses- 
into a solution of Ig. of potassium iodide (free urom iodate), in lOg. 
water, wait a little till the iodine is dissolved, dilute with lOOccm.. 
water and titrate with arsenite. When the colour is only a light 
yellow, add a little starch-solution and titrate exactly till the blue- 
colour has just vanished. The ccm. of arsenite consumed, multiplied 
by 0*0127, ought to be exactly the weight of iodine employed. 



5.— SILVER SOLUTION. 

Weigh out exactly 17*00g. of pure crystallized silver nitrate, pre- 
ferably kept in a desiccator for a few hours, and dissolve in 1 litre. 
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This yields a deci-ndrmal solution, indicating per ccm. 0*00355g- 
CI., or0 00365g. HCl., or0-00585g. NaCl. B^ dissolving 2.906jr. 
Ag NO5, in 1 liter, a solution is obtained, indicating OOOlg NaCL 
per ccm. 

Ammoniacal silver solution^ for Lestelle's estimation of alkaline 
sulphides, is obtained by dissolving 13*34og. of pure silver in pure- 
nitric acid, adding 250ccm. liquor ammonise and diluting to 1 lit. 
Each ccm. of this indicates O'OOog. Na^S. 

« 

6.— COPPER SOLUTION, 

for Hurter's ferrocyanide test, is obtained by dissolving 12"475g.. 
pure crystallised, not effloresced, cupric sulpnate, in 1 fit. water.. 
(Refer to p. 117.) 

7— OXALIC ACID SOLUTION, 

fortesting the ** base" of Weldon mud, and caustic soda or lime in 
the presence of carbonate (pp. 110 and 111). Dissolve 63 Og. pure, 
not effloresced, crystallized oxalic acid in 1 lit. water, and cneck 
the standard with normal alkkli. This solution is not quite stable, 
especially when exposed to daylight ; nor can it be employed for 
alkalimetry, when using methyl-orange as an indicator. 



B.— RULES FOR SAMPLING. • 

1. Ores and Minerals (pyrites, manganese, coals, salt), (a). 
Smalls^ slacks salt or other substances not requiring to he crushed. — 
Take a sample of about lib. of each weighing tub, cart, or the like, 
by means of a scoop, so as to obtain about the same quantity each 
time. Of railway trucks, which are tipped directly into the ware- 
house, take three samples^ one from the middle and one from each 
end.* All these single samples are put in a cask and kept covered, 
to prevent the evaporation of moisture. When the large sample is 
taken, empty the contents of the cask on a level, clean, and hard 
place, spread it flat, heap it up in a cone at the centre by going 
regularly round with a spade ; spread this heap again flat, and take 
a sample of about a (][uarter of the mass, by taking out with a 
spade two stripes crossmg each other at right angles, and adding a 
little from the centre of each remaining quadrant. Treat this 
reduced sample exactly like the larger one, so that a third sample 
of about 5lbs. is obtained. Mix this again thoroughly, and fill it 
into four (or more) wide-necked bottles of 4 ounces capacity, placed 
in a tight row on a sheet of paper, so that a portion 01 eacn handful 
gets into every one of the four bottles. When these are full, they 
are at once closed with tight-fitting corks ; these are cut off straiglit. 

*- 1 — ■- 

* At some factories very unsatisfactory results have been obtained with 
this mode of sampling ; they prefer that described later on (in b), of takintr 
a certain number of entire tubs, barrows, or carts as sample. 
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above the bottle necks and well covered with sealing wax, putting 
f»n the seals of both buyer and seller or any other party concerned. 
The mixing and filling must be done as quickly as possible, in 
order to prevent the evaporation, or else the attraction of sensible 
quantities of moisture during the operation. 

The above-mentioned sample bottles are handed over to the 
laboratory chemist, who has to pulverize their contents till they pass 
completely through a sieve with holes 1mm. (= ^/^gin.) wide; 
nothing coarse must be left behind. From this, after thorough 
mixing, a smaller sample is taken and reduced to the degree of 
division necessary for analysis, by grinding in a steel or agate 
mortar, in the case of souer substances in a porcelain mortar. 
Manganese samples should not be treated in iron mortars. Moisture 
is estimated in an unground portion of the sample. 

(6). Ores in pieces requiring to he crushed. — ^The samples taken 
must be all the larger, the coarser are the lumps of the ore. If the 
pieces are not above the size of an apple, and not too unequal, it is 
suihcient to take a sample from each tub, etc. as in (a), but with a 
shovel or scoop holding about lOlbs. In the case of larger lumps, 
and of very unequal sizes, it is preferable to tip each tenth or 
twentieth tub or cart into a separate place, where tlie whole average 
sample is collected. At all events the proportion between the large 
and small must be represented as accurately as po^'sible in the 
average sample. This is now crushed down to the size of a walnut, 
either by hand or by machineiy, leaving no larger lumps behind. The 
crushed material is thoroughly mixed, by several times turning it 
over with a spade ; it is then spread out in a flat heap and a smedler 
sample is taken, by lifting out two stripes crossing each other at 
right angles, adding something from the centre of each remaining 
quadrant. The reduced sample is crushed further, either in a large 
metal mortar, or preferably with a sledge-hammer on a flanged 
cast-iron plate of about 3ft. square, bedded on a solid foundation ; 
the latter process is much more convenient and cleanly than 
grinding in a mortar. The coarse portions are sifted out by a riddle 
of iin. holes and crushed again, till all has passed through. The 
product is reduced as in (a), by mixing etc. to a quantity of 2 or 
4lbs., from which the sample-bottles are filled as prescribed above. 
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2. CHEMICALS. 

Saltcakei soda ash, etc., if in bulk, are sampled as in No. 1 a. 
If packed in casks, each third, fifth, or tenth cask, according to the 
size of the parcel, is bored at one of its bottoms ,and sampled by 
means of an auaer (fig[. 11), which is inserted up to the 
centre of the cask, turning it round its axle all the while. 
The single-cask samples are put into a large wide-mouthed 
bottle as drawn, till the sampling is over. Then empty 
the whole on to a large sheet of paper, mix thorou^ly, 
crush any lumps with a spatula, and fill the 4 ounce 
bottles, previously prepared exactly as described on No. 
1 as for ores, observing the same rules for corking and 
sealing. 

Bleaching powder, potaslies, and an^ other substances 
which are liable to being quicky spoilt in contact with 
the air by attracting moisture, or from other reasons, are 
treated like the foregoing substances, but operating with 
the greatest possible speed, and keeping the large Dottle 
for collecting the cask -samples well closed. The sampling 
is still more safely performed by taking away the upper 
end of the cask, taking a handful of stuff from the inte- 
rior as far as it is possible to reach in, which should be 
nearly at the centre of the cask, and throwing it into the 
large bottles. In this case there is the least contact with 
air. Samples of bleaching-powder ought to be kept in a 
dark and cold place, and ought to be tested without any 
great delay. 

Caustic Soda, Since the samples attract moisture and 
carbonic acid on their surface, even in well-closed bottles, 
the outer opaque crust must be removed by scraping be- 
Fio. 11. fore weighing out the tests (compare page 130). It should 
be borne in mind that the centre of the drum is of weaker strength 
than the remainder, because the foreign salts accumulate in the 
portion remaining liquid the longest. The average strength is best 
represented by the portions next to the bottom and sides of the 
drum, which solidify quickest. 
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<:j*.-comparison of the hydrometer degrees accord- 
ing TO BAUMEf and TWADDELU WITH THE SPECIFIC 
GRAVITIES. 



B. 


T. 


Spec. 
Gra. 


B. 


T. 


Spec 
Gra. 


B. 


T. 


Spec. 
Gra. 








1-000 


13-6 


21 


1-105 


' 26-0 


44 


1-220 


0-7 


1 


1-005 


14-0 


21-6 


1-108 


26-4 


45 


1-225 


10 


1-4 


1007 


14-2 


22 


1-110 


i 26-9 

1 


46 


1-230 


1-4 


2 


1-010 


14-9 


23 


1-115 


270 


46-2 


1-231 


2-0 


2-8 


1014 


150 


23-2 


1-116 


27-4 


47 


1-235 


2-1 


3 


1015 


15-4 


24 


1-120 


27-9 


48 


1-240 


2-7 


4 


1-020 


16-0 


25 


1-125 


28-0 


48-2 


1-241 


3-0 


4*4 


1022 


16-5 


26 


1-130 


28-4 


49 


1-245 


3*4 


5 


1-025 


170 


26-8 


1134 


28-8 


50 


1-250 


4-0 


5-8 


1029 


17-1 


27 


1-135 


29-0 


50-4 


1-252 . 


4-1 


6 


1-030 


17-7 


28 


1-140 


29-3 


51 


1-255 


4-7 


7 


1-035 


180 


28-4 


1142 


29-7 


52 


1-260 


5*0 


7-4 


1-037 


18-3 


29 


1-145 


30-0 


60 


1-263 


5-4 


8 


1-040 


18-8 


30 


1-150 


30-2 


53 


1-265 


60 


9 


1045 


190 


30-4 


1-152 


30-6 


M 


1-270 


6-7 


10 


1050 


19-3 


31 


1-155 


31-0 


51-8 


1-274 


7-0 


10-2 


1-052 


19-8 


32 


1160 


31*1 


55 


1-275 


7-4 


11 


1055 


20-0 


32-4 


1-162 


31-5 


56 


1*280 


8-0 


12 


1-060 


20-3 


33 


1165 


32-0 


57 


1-285 


87 


13 


1-085 


20-9 


34 


1-170 


32-4 


58 


1-290 


9*0 


13-4 


1-067 


21-0 


34-2 


1-171 


32-8 


59 


1-295 


9-4 


14 


1-070 


21-4 


35 


1-175 


330 


59-4 


1-297 


100 


15 


1-075 


220 


36 


1-180 


33-3 


60 


1-300 


10-6 


16 


1-080 


22-5 


37 


1-185 


33-7 


61 


1-305 


110 


16*6 


1083 


230 


38 


1190 


340 


61-6 


1-308 


11-2 


17 


1-085 


23-5 


39 


1-195 


34-2 


62 


1-310 


11-9 


18 


1*090 


240 


40 


1-200 


34-6 


63 


1-315 


120 


18-2 


1-091 


24-5 


41 


1-205 


35-0 


64 


1-320 


12-4 


19 


1-095 


25-0 


42 


1-210 


35-4 


65 


1-325 


130 


20 


1-100 


25-5 


43 


1-215 


35-8 


66 


1-330 



144*3 



N.B.— The BaTim6 degrees are calculated by the formula d= ji i.?. -» 

water of 15'C. being put=0"'and sulphuric acid of 1*842 at 15"C.=66*; 
compare Lunge's Sulphuric Acid and Alkali, vol. I., p. 20. This is the 
only *' rational ' Baum^'s hydrometer. 
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C.-COMPARISON OF THE HYDROMETER DEGREES ACCORD- 
ING TO BAUMli: AND TWADDELL. WITH THE SPECIFIC 
GRAVITIES— Conimued. 



B. 


T. 


Spec. 
Gra. 


B. 


T. 


Spec. 
Gra. 


B. 

1 


T. 


Spec. 
Gra. 


36-0 


66*4 


1*332 


48-0 


99-6 


1-498 


1 58*4 


136 


1-680 


36*2 


67 


1*335 


48*1 


100 


1*500 


1 58-7 


137 


1-685 


36*6 


68 


1*340 


48-4 


101 


1-505 


589 


138 


1-690 


37*0 


69 


1-345 


48-7 


102 


1*510 


590 


138-2 


1-691 


37*4 


70 


1*350 


49*0 


103 


1-515 


59*2 

• 


139 


1-695 


87*8 


71 


1-355 


49-4 


104 


1*520 


1 59-5 


140 


1*700 


380 


71*4 


1-357 


49 7 


105 


1*525 


59-7 


141 


1*705 


38*2 


72 


1-360 


500 


106 


1-530 


600 


142 


1*710 


38*6 


73 


1*365 


50*3 


107 


1*535 


60*2 


143 


1-715 


39*0 


74 


1-370 


50-6 


108 


1*540 


60-4 


144 


1-720 


39*1 


75 


1*375 


50*9 


109 


1*545 


60-6 


145 


1-725 


39*8 


76 


1*380 


51*0 


109-2 


1*546 


60-9 


146 


1-730 


40*0 


766 


1*383 


, 51*2 


110 


1*550 


61-0 


146*4 


1732 


40*1 


77 


1*385 


51*5 


111 


1*555 


61-1 


147 


1*735 


40*5 


78 


1-390 


51*8 


112 


1*560 


61-4 


148 


1*740 


40*8 


79 


1-395 


520 


112*6 


1-563 


61*6 


149 


1*745 


41*0 


79-4 


1-397 


521 


113 


1-565 


61*8 


150 


1*750 


41-2 


80 


1*400 


52-4 


114 


1-570 


62-0 


150*6 


1*753 


41*6 


81 


1*405 


527 


115 


1*575 


62-1 


151 


1-755 


42*0 


82 


1*110 


53*0 


116 


1*580 


62*3 


152 


1*760 


42-3 


83 


1-415 


533 


117 


1*585 


, 62-5 


153 


1765 


42*7 


84 


1-420 


53-6 


118 


1*590 


62*8 


154 


1*770 


43*0 


84*8 


1*424 


53*9 


119 


1*595 


63*0 


155 


1*775 


43*1 


85 


1*425 1 


540 


119-4 


1*597 


63*2 


156 


1*780 


43*4 


86 


1*430 


54*1 


120 


1*600 


63-5 


157 


1*785 


43*8 


87 


1-435 


54*4 


121 


1*605 


63*7 


158 


1-790 


440 


87-6 


1-438 


54*7 


122 


1-610 


64-0 


159 


1*795 


441 


88 


1*440 


55*0 


123 


1*615 


64*2 


160 


1*800 


44*4 


89 


1*445 


55-2 


124 


1-620 


61*4 


161 


1-805 


44*8 


90 


1-450 


55*5 


125 


1-625 


64*6 


162 


1-810 


450 


90-6 


1*453 


55-8 


126 


1*630 


64*8 


163 


1-815 


45-1 


9\ 


1*455 


56*0 


127 


1*635 


65-0 


164 


1-820 


45*4 


92 


1*460 


56*3 


128 


1-640 


65-2 


165 


1-825 


45*8 


93 


1*465 


56-6 


129 


1-645 


65-5 


166 


1*830 


460 


93*6 


1*463 


56*9 


130 


1*650 


65*7 


167 


1*835 


46*1 


94 


1*470 


570 


130-4 


1*652 


65-9 


168 


1*840 


464 


95 


1*475 


57*1 


131 


1-655 


660 


168-4 


1*842 


46-8 


96 


1*480 


57-4 


132 


1*660 


06*1 


169 


1*845 


47*0 


96'G 


1-483 


57-7 


133 


1-665 


66-3 


170 


1*850 


471 


i) 


1*485 

1 


57*9 


134 


1-670 


66-5 


171 


1-855 


47*4 


98 


1*490 

1 


580 


134*2 


1-671 


6C-7 


172 


1*860 


47-8 


99 


1*495 


58*2 


135 


1-C75 


67-0 


173 


1-80 
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VALUE OF ALKALI PER TON. 



Price 
per unit. 


£ 




2%. 


3%. 


4%. 


5%. 


Pence. 


s, d. 


£ a. ef. 


£ a. d. 


£ 8. d. 


£ a, d. 


i 





1 3 


2 6 


3 9 


5 


6 3 


U 





1 4i 


2 8| 


4 01 


5 5 


6 94 


-3 





1 5^ 


2 11 


4 4i 


5 10 


7 8i 


U 





1 &J 


3 U 


4 8i 


6 3 


7 95 


1 





1 8 


3 4 


5 


6 8 


8 4 


It 





1 9\ 


3 Gi 


5 3i 


7 1 


8 104 


U 





1 m 


3 9 


5 7i 


7 6 


9 ii 


1t> 





1 111 


3 Hi 


5 Hi 


7 11 


9 10^ 


n 





2 1 


4 .2 


6 3 


8 4 


10 5 


h% 





2 2J 


4 4i 


6 6J 


8 9 


10 114 


15 





2 3| 


4 7 


6 101 


9 2 


Oil 5i 


1/^ 





i 


4 91 


7 2i 


9 7 


11 lis 


li 





2 6 


5 


7 6 


10 


12 6 


Ifir 





2 7i 


5 2^ 


7 9i 


10 5 


13 04 


15 





2 89 


5 5 


8 U 


10 10 


13 6i 


IH 





2 91 


5 :j 

t 


8 5i 


Oil 3 


14 OS 


13 





2 11 


5 10 


8 9 


11 8 


14 7 


IH 





3 Oi 


6 Oi 


9 0$ 


12 1 


15 ir 


n 





3 1^ 


6 3 


9 41 


12 6 


15 71 


Mi 





3 2i 


6 51 


9 8i 


12 11 


16 If 


2 





3 4 


6 8 


10 


13 4 


16 8 


2A 





3 5i 


6 10i 


10 3$ 


13 9 


17 21 


01 





3 6| 


7 1 


10 u 


14 2 


17 81 


2a 





3 71 


7 3i 


10 114 


14 7 


18 25 


2\ 





3 9 


7 6 


Oil 3 


15 


*. 18 9 


2^ 





3 101 


7 H 


11 'Gi 


15 5 


19 34 


23 





3 11^ 


7 11 


11 10^ 


15 10 


19 94 


2,V 





4 03 


8 if 


12 2i 


16 3 


1 33 


2i 





4 2 


8 4 


12 6 


16 8 


1 10 



To find the value of intermediate strengths not given in the table, for 

instance- iJ6% at 1,\ per unit, find for 30% £3 5 74 

then for 6% 13 1* 

The sum gives value per ton of 36% £3 18 9 
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VALUE OF ALKALI PER TO^— Continued. 



Price 
per imit. 


6%. 


7%. 


8%. 


9%. 


10%. 


Pence. 


£ «. cE. 


A a. d. 


£ a. d. 


£ a. d. 


£ 8. d. 


i 


7 6 


8 9 


10 


Oil 3 


12 6 


H 


8 li 


9 5} 


10 10 


12 2| 


13 6} 


i 


8 9 


10 2| 


11 8 


13 U 


14 7 


H 


9 4i 


10 Hi 


12 6 


14 0} 


15 7} 


1 


10 


11 8 


13 4 


15 


16 8 


U\ 


10 7i 


12 4| 


14 2 


15 Hi 


17 8i 


u 


Oil 3 


13 Ih 


15 


16 101 


18 9 


lA 


11 m 


13 lOi 


15 10 


17 91 


19 9} 


U 


12 6 


14 7 


16 8 


18 9 


1 10 


lA 


13 U 


15 31 


17 6 


19 8i 


1 1 10} 


If 


13 9 


16 Oi 


18 4 


1 7i 


1 2 11 


lA 


14 H 


16 9i 


19 2 


116} 


1 3 11} 


U 


15 


17 6 


10 


12 6 


15 


lA 


15 7i 


18 2} 


1 10 


13 5} 


16 0} 


11 


16 3 


18 lU 


1 1 8 


14 4} 


17 1 


IH 


16 101 


19 8i 


12 6 


15 3} 


18 1} 


n 


17 6 


10 5 


13 4 


16 3 


19 2 


m 


18 11 


1 1 1} 


1 4 2 


1 7 2} 


1 10 21 


u 


18 9 


1 1 lOi 


15 


1 8 li 


1 11 3 


IH 


19 ik 


1 2 7i 


1 5 10 


19 0} 


1 12 3} 


2 


10 


1 3 4 


16 8 


1 10 


1 13 4 


2A 


1 7i 


1 4 01 


17 6 


1 10 11} 


1 14 4} 


2i 


113 


1 4 91 


18 4 


1 11 10} 


1 15 5 


2A 


1 llOi 


1 5 Qi 


19 2 


1 12 9} 


1 16 5} 


2i 


12 6 


16 3 


1 10 


1 13 9 


117 6 


2A 


1 3 li 


1 6 11} 


1 10 10 


1 14 8} 


1 18 6} 


2i 


13 9 


1 7 8| 


1 11 8 


115 U 


1 19 7 


2A 


1 4 4| 


1 8 5i 


1 12 6 


1 16 6} 


2 7} 


21 


15 


19 2 


1 13 4 


1 17 6 


2 1 8 



To find the value of intermediate strengrths not siven in the table, for 

in8tance-36% at lA per unit, find for 30% £3 5 7} 

then for 6% 13 1} 

The sum gives value per ton of 36% £3 18 9 

M 
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D.— VALUE OF ALKALI PER TON—Continued. 



Price 
per unit 


20%. 


30%. 


40%. 


48%. 


60%. 


Pence. 


£ 8. d. 


£ a. d. 


£ a. d. 


£ a. 


d. 


£ 8. d. 


2 


15 


117 6 


2 10 


8 





3 2 6 


H 


17 1 


2 7J 


2 14 2 


3 5 





3 7 8i 


i 


19 2 


2 3 9 


2 18 4 


3 10 





3 12 11 


H 


1 11 8 


2 6 101 


3 2 6 


3 16 





3 18 li 


1 


113 4 


2 10 


3 6 8 


4 





4 3 4. 


lA 


1 15 5 


2 13 U 


3 10 10 


4 5 





4 8 6i 


U 


117 6 


2 16 3 


3 15 


4 10 





4 13 9 


lA 


119 7 


2 19 ik 


3 19 2 


4 15 





4 18 Hi 


U 


2 18 


3 2 6 


4 8 4 


5 





5 4 2 


lA 


2 3 9 


8 5 7^ 


4 7 6 


5 5 





5 9 41 


» 


2 5 10 


3 8 9 


4 11 8 


5 10 





5 14 7 


XA 


2 7 11 


3 1110^ 


4 15 10 


5 15 





5 19 9i 


U 


2 10 


3 15 


5 


6 





6 5 


lA 


2 12 1 


3 18 U 


5 4 2 


6 5 





6 10 2i 


1* 


214 2 


4 13 


5 8 4 


6 10 





6 15 5 


IH 


2 16 3 


4 4 41 


5 12 6 


6 15 





7 7i 


IJ 


2 18 4 


4 7 6 


5 16 8 


7 





7 5 10 


U» 


3 5 


4 10 7i 


6 10 


7 5 





7 11 01 


U 


3 2 6 


4 13 9 


6 5 


7 10 





7 16 3 


IM 


3 4 7 


4 16 m 


& 9 2 


7 15 





8 1 5| 


2 


3 6 8 


5 


6 13 4 


8 





8 6 8 


2A 


3 8 9 


5 3 li 


6 17 6 


8 5 





8 11 10| 


2i 


3 10 10 


5 6 3 


7 1 8 


8 10 





8 17 1 


2A 


3 12 11 


5 9 4i 


7 6 10 


8 15 





9 2 31 


2i 


8 15.0 


5 12 6 


7 10 


9 





9 7 6 


2A ' 


3 17 1 


5 15 n 


7 14 2 


9 5 





9 12 81 


2} 


3 19 2 


5 18 9 


7 18 4 


9 10 





9 17U 


2A 


4 13 


6 1 10^ 


8 2 6 


9 15 





10 3 U 


21 


4 3 4 


6 5 


8 6 8 


10 





10 8 4 



To find the value of intermediate strengths not eiven in the table, for 

instance— 36% at lA per unit, And for 30% £3 5 7i 

then for 6% 13 1} 

The sum gives value per ton of 36% £3 18 9 
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VALUE OF ALKALI PER TON— Con^tmeerf. 



Price 
per unit. 


62%. 


64%. 


66%. 


67%. 


68%. 


Pence. 


£ «. d. 


£ 8. d. 


£ 8. d. 


£ 8. d. 


£ 8. d. 


} 


3 6 


3 7 6 


3 10 


3 11 3 


312 6 


H 


3 10 6 


3 13 U 


3 16 10 


3 17 21 


318 64 


i 


3 16 10 


3 18 


4 18 


4 3 U 


4 4 7 


}f 


4 18 


i i a 


4 7 6 


4 9 02 


4 10 n 


1 


4 6 8 


4 10 


413 4 


416 


4 16 8 


lA 


412 1 


4 16 7i 


4 19 2 


6 OIU 


6 2 8ft 


U 


4 17 6 


6 13 


6 6 


6 6 101 


6 8 9 


lA 


6 2 11 


6 6 10i 


6 10 10 


612 91 


6 14 9ft 


U 


6 8 4 


612 6 


6 16 8 


6 18 9 


6 10 


lA 


613 9 


6 18 U 


6 2 6 


6 4 8i 


6 6 10ft 


11 


6 19 2 
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ERRATA. 



19 



Page 71, for '« Tables" read " Part." 

76, in Anemometer Table, first column, read — 
'001 instead of -010. 
•002 „ -020. 

•003 „ -030. 

•004 „ •040. 

•005 „ '050. 

etc., up to '090. 

79, Hue 29, for O'^C. read t"C. 

83, 

85, 

85, 

85, 

99, 

109, „ 27, „ " diluting the former" read "diluting 

25ccm. of the former." 

113, ,, 21, ,, "K any other volume of gas" read 

** If any other volume 1 of gas." 



f 8, ,, 


80 


„ 81. 


, 1, » 


81 


„ 82. 


t 39, ,, 


26 


., 28. 


, 47, „ 


73 


,. 74. 


I 34, ,, 


27 


., 28. 
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ALPiHABETICAL INDEX. 



Acids in chamber exits, 86 
Acids in chimneys, 104 
Acids from sulphur recovery, 

131 
Alkali, value per ton, 160 
Alkalimetrical degrees table, 

125 
Alkali works regulation act, 

104 
Alkalimetry, 150 
Ammonia, 144 
Ammonia solubility, 18 
Ammonia specific gravity, 146 
Ammonia, carbonate of, 148 
Ammonia, sulphate of, 145 
Analysis, factors for, 10 
Anemometer, 75 (see Errata) 
Anhydride, sulphuric, 100 
Aqueous vapour, tension, 44 
Area of circles, 50 
Area of circles, formulse for, Gl 
Arsenite of soda solution, 154 
Atomic weights 3 

Base in Weldon mud, 110 
Beaum^ degrees, 158 
Bicarbonate of soda, 118 
Black-ash, 115 
Bleaching powder, 112 
Bleaching powder sampling, 

157 
Boiling points, various, 27 
Boiling points of water, 48 
Brimstone, 79 
Burner gas, 85 
Burnt pyrites, 84 

Carbonated liquor, 116, 118 
Carbonic acid, 83 
Caustic in black-ash, 115 
Caustic bottoms, 130 
Caustic liquor, 137 
Caustic soda, 130 



Caustic soda sampling, 157 
Chamber gases, 85 
Chemicals, sampling, 157 
Chimney gases, 74 
Chimney testing, 104 
Chlorate of potash, 113 
Chlorine in oleaching powder, 

112 
Chlorine in common salt, 102 
Chlorine solubility, 18 
Chlorides in black ash, 115 
Chlorides in chlorate liquors, 

113 
Cinders, 84 

Circumference of circles, 50 
Coal, 73 

Coal for mixing, 114 
Coinage, 69 

Compounds, symbols, etc., 4 
Contents, mensuration of, 61 
Copper in pyrites, 82 
Copper in pyrites cinders, 85 
Copper solution for testing 

ferro-cyanide, 155 
Cube roots, 50 
Cubes, 50 
Cubic foot, weight of a, of 

dififerent materials, 20 
Currents of air, speed of, 75 

(see Errata) 

Deacon process, 112 (see 

Errata) 
Draught, speed of, 75 (see 

Errata) 

Elements, 3 
Equivalents, 4 
Expansion by heat, 22 
Expansion by heat of water, 43 

Factors for gravimetric analy- 
sis, 10 
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Ferrocyanide, 117 

Fished salts, 130 

Fletcher's anemometer, 75 (see 

Errata) 
Fuel, 72 
Fuming sulphuric acid, 91, 96, 

100 
Furnaces, 74 
Fusing points, 26 
Fusing points of sulphuric 

acid, 94 

Gas " liquor," 144 
Gases from burners, 85 
Gases from chambers, 85 
Gases from chimneys, 74 
Gases from producers, 74 
Gases, reduction of volume for 

temperature, 28 
Gases, reduction of volume for 

pressure, 34 
Gases, reduction for both, 40 
Gravimetric analysis factors, 

10 

Heats, specific, 49 
Horse-powers, 65 
Hydrochloric acid, analysis, 

107 
Hydrochloric acid in chimney 

gases, 104 
Hydrochloric acid specific 

gravity table, 106 
Hydrochloric acid solubility, 

18 
Hydrometer degrees, 158 

Indicators, 151 

Iodine solution, 154 

Iron in hydrochloric acid, 108 

Iron in limestone, 111 

Iron in nitric acid, 138 

Iron in saltcake, 103 

Iron in soda ash, 124 

Iron in sulphuric acid, 100 

Iron solution, 109 

Iron wire, 153 

Lead in sulphuric acid, 100 
Lime in common salt, 102 
Lime, milk of, 111 
Limes slaked. 111 
Lime-mud, 129 



Limestone, 111, 114 
Liquor ammonise, 146 

Magnesia in limestone, 111 
Magnesia in saltcake, 103 
Magrjsium sulphate, 15 
Manganese ore, 108 
Manganese in Weldon mud, 

109 (see Errata) 
Mathematical tables, '50 
Measures, comparison of, 62 
Mensuration formulae, 61 
Metric weights and measures, 

62 
Metric weights reduction to 

English measures, 65 
Minerals, sampling, 155 
Mixing coal, 114 
Moisture in brimstone, 79 
Moisture in fuel, 73 
Moisture in nitrate of soda, 

132 
Moisture in pyrites, 81 
Moisture in salt cake, 102 
Molecular weights, 4 

Nitrate of soda, 132 

Nitre-cake, 133 

Nitric acid, impurities, 138 

Nitric acid specific gravity, 134 

Nitric oxide, 87 

Nitrogen in mixing coal, 115 

Nitrogen acids in chamber 

exits, 86 
Nitrogen acids in sulphuric 

acid, 98 
Nitrometer for acids, 98 
Nitrometer for nitrate of soda, 

132 
Nitrous acid, 97 
Nordhausen oil of vitriol, 

specific-gravity, 91 
Nordhausen oil of vitriol, per 

cent, of SO3, 96 
Nordhausen oil of vitriol, 

estimation, 100 
Normal acid and alkali, 150 

Ores, sampling, 155 

Orsat's gas-testing apparatus, 

74 
O.V. table, 88 
Oxalic acid solution, 155 
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Oxygen in chamber exits, 85 

Percentage composition of com- 
pounds, 4 
Potashes, 140 
Potashes, sampling, 157 
Potassium bicarbonate, 15 
Potassium carbonate specific 

gravity, 15, 141 
Potassium chlorate, 15, 113 
Potassium chloride, 15, 114, 133 
Potassium nitrate, 15 
Potassium sulphate, 16, 139 
Potassium permanganate solu- 
tion, 152 
Producer gas, 74 
Prussian weights and mea- 
sures, 68 
Pyrites, 81 
Pyrites, burnt, 84 
Pyrometers, 78 (see Errata) 

Salt, common, 102 

Saltcake, 103 

Salts, fished, 130 

Salts, solubility of, 15 

Salts, saturated solutions of, 

specific gravity, 21 
Sampling, 155 
Silver solution, 154 
Soda bicarbonate, 118 
Soda in tank waste, 116 
Soda ash, commercial, 124 
Soda ash, raw materials, 114 
Soda ash, table of degrees, 125 
Soda ash, sampling, 157 
Soda Ash, price 16s. 
Sodium carbonate, specific 

gravity, 119, 120 
Sodium carbonate, solubility, 

16 
Sodium hydrate, spec. grav. 127 
Sodium chloride analysis of 102 
Sodium chloride in saltcake, 

103 
Sodium chloride in soda ash, 

124 
Sodium chloride in black ash 

and vat liquor, 115 
Sodium chloride, fished salts, 

130 
Sodium chloride, solubility of, 

16 



Sodium chloride, specific grav- 
ity of, 21 

Solubility of gases in water, 
17, 18 

Solubility of salts, 14 

Specific gravity of gases, 22 

Specific gravity of Equors, 21 

Specific gravity o£ saturated 
solutions, 21 

Specific gravity of solids, 19 

Specific heats, 49 

Speed of gas, 75 (see Errata) 

Spent oxide of gas-works, 80 

Squares, square roots, 51 

Standard solutions, 149 

Sulphate of ammonia, 145 

Sulphate of soda, 103 

Sulphide in black ash, U5 

Sulphites, estimation, 97 

Sulphocyanide, 145 

Sulphur, estimation in brim- 
stone, 80 

Sulphur, estimation in burnt 
pyrites, 84 

Smphur, estimation in cham- 
ber exits, 86 

Sulphur estimation in gas- 
liquor, 145 

Sulphur, estimation in mixing 
coal, 114 

Sulphur, estimation in pyrites, 
81 

Sulphur, estimation in soda 
ash, 124 

Sulphur, estimation in spent 
oxides, 80 

Sulphur, solubility in CSj, 80 

Sulphur recovery liquors, 131 

Sulphuric acid, 79 

Sulphuric acid, fuming, 91, 
96, 100 

Sulphuric acid, byBaClj, 82 

Sulphuric acid, estimation in 
hydrochloric acid, 108 

Sulphuric acid, estimation in 
nitric acid, 138 

Sulphuric acid, estimation in 
saltcake, 103 

Sulphuric acid, boiling points, 
95 

Sulphuric acid, fusing points, 
94 

Sulphuric acid,impurities in, 9*^ 
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Snlphnricadd, speciiicgravity, 

90,01 
Sulphurons acid in bnmergas, 

85 
Symbols of compounds, 4 

Tank liquor, 117 
Tank waste, 116 
Temperatures, high, 78 
Temperature, correction for, of 

gases, 28, 40 
Temperatures, correction for, 

of speeds, 77 
Thermometers, 23 
Twaddle's degrees, 158 

Valency of elements, 3 
Vapour, tension of aqueous, 44 



Vat liquor, 117 
Vat waste, 116 

Volumes of gases, correction, 
28,34,40 

Water, boiling points, 48 
Water pressure, reduction to 

mercurial pressure, 43 
Water, vapour tension, 44 
AVater, volumes at difterent 

temperatures, 43 
Weights of different countries, 

62 
Weights of sheet metals, 69 
Weights of substances as 

stored, 20 
Weldon mud, 109 

Zinc in pyrites, 83 
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IN 1873 the Socieiy of Arts institnted Technological 
Examiiiaiions — Examinatioiis, that is, in the theory 
of certain specified trades. In 1879 these Examinations 
were transferred to the Giij and Gxdlds Institnte for the 
advancement of Technical Training, and considerable 
alterations were made in the system. Immediately on 
the foundation of these Examinations it became evident 
that the good they conld effect was bnt partial. They 
supplied a test for the artisan's theoretical knowledge, 
but they supplied no means by which such knowledge 
could be acquired. 

Funds subscribed by the Cloth workers' Company 
enabled the Society of Arts to establish, or pro&iote the 
establishment of, a few classes, on the model of the 
South Kensington Science classes. The system thus 
commenced was extended by the City Institute, and 
there are now about 120 classes at which instruction is 
given to students in preparation for the Examinations. 



2 TUCHNOLOOICAL HiKD-BOOES. 

Thns the want of teaching has been, at all events par^ 
tially, snpplied. 

Bnt the establishment of the Technological Examina- 
tions rendered manifest another want besides that of 
instructors, and that was the want of books in which a 
workman belonging to any particular trade could obtain 
the information he required about the theory of that 
trade. Whether he wished to study for the Examinations 
by himself — and there are many who are not in a posi- 
tion to attend classes — or whether he wished merely to 
gain the knowledge which would be, of all knowledge, 
most serviceable to him, or whether even he was attend- 
ing a class and required a text-book to guide his studies 
^ it, no su,ch book was, in most cases, available for him. 
Many technical books are too costly, many more are of 
necessity written in a style unsuited for men who have 
had little or no scientific training, while, in many cases, 
no book at all exists which deals with the technology 
of the particular industry with which the student is 
connected. 

So long as the number of candidates for the Techno- 
logical Examinations was small, it seemed as if text- 
books, intended mainly for their use, would hardly have 
secured a sufBcient number of readers to justify their 
production ; but the rapidly increasing number of can- 
didates,^Hi8 good evidence that a demand for such works 
exists and is growing. 

These are the circumstances which have led to the pre- 
paration of the present series. It is intended eventually 

^ The total number in 1879 was 202 ; this grew to 803 in 1880, and 
there were reported in April last to be 2,500 candidates preparing 
for examination in May. 
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to inclnde all the industries specified in the programme 
of the City Institute; bat 'at first those branches of 
manufacture have been selected for treatment in which 
it appears that text-books are most required. 

The books will be prepared by eminent writers, 
familiar not only with the scientific principles involved 
in each trade, but with the practical details. They will 
be addressed to workmen and apprentices, who may be 
supposed to have some knowledge of the practical, if not 
of the theoretical, portions of their business. At the same 
time — since the books are intended for learners — the 
possession of such knowledge will not be assumed, but 
it will be for the most part taken for granted that the 
student will have in his workshop th^ opportunity of 
studying the various processes' of which he reads, so 
that practice and theory may go hand in hand. 

The books will not be, in any sense, cram books. 
They will not be written with a view to enable candidates 
to answer a paper of questions ; but . they will, if the 
intentions of those who are preparing them can be 
carried out, provide for all interested iu our great manu- 
facturing industries, knowledge which, while it may to 
a certain extent be tested — as may all knowledge — ^by 
Examination questions, will also stand the more real 
and severe tests of practical work. 

The series will be edited by Mr. H. Trueman Wood, 
the Secretary of thp Society of Arts, who prepared for 
the City Institute the revised scheme of Examinations. 
This scheme is now in force, scarcely any changes in it 
having been made, and it is under it that the great in- 
crease of numbers has taken place. 
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Powell, B.A. (Whifcefriars Glass Works) ; Crown 
AND Sheet Glass, by Henry Chance, M.A. (Chance 
Bros., Birmingham) ; Plate Glass, by H. G, 
Harris, Assoc. Memb. Inst. C. E. lUv^trated* 
Price 3«. 6d. 

3. Cotton Mantjpactube : Its Development, Principles, 

AND PbACTICE, with AN APPENDIX ON StEAM BOILEBS 

AND Engines. By R. Marsden, Editor of the " Tex- 
tile Manufaclnrer." lUuatrated, 

4. Woollen Manufactuee. By C. Yickerman. 
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